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INTRODUCTION 


The question of the transformation of benign giant cell tumor 
of bone into sarcoma has been discussed for over 100 years. Lack 
of adequate pathological interpretation and especially adequate 
microscopy prevent modern evaluation of the statements of 
Cooper and Travers,’ Lebert,” and Paget.* Much prominence has 
been given to Nélaton’s monograph,* yet a careful perusal by 
Coley seems to show that Nélaton had but 6 cases of giant cell 
tumor which he personally treated, and that of 46 cases reported, 
mostly from the medical literature, but 14 were tumors of long 
bones. The follow-up of these cases was unsatisfactory; 4 indi- 
viduals died postoperatively in the pre-Lister period, only 2 were 
traced for a 2 year period, 4 for a 1 year period, and the others 
were lost. Paget in 1853 called attention to the benign quality of 
giant cell tumor but left open an avenue of escape, apparently being 
by no means certain that some might not run a malignant course. 
In his Surgical Pathology, third edition, 17 years later, we find the 
same avenue open. One gains the impression that Paget may not 
have accepted the sarcomatous transformation of giant cell tumor 
but that he regarded the malignant tumors as something else. He 
states “nor have they, in general, any features of malignant dis- 
ease, although myeloid structures have occasionally been found 
mingled with the ordinary structures of medullary cancer.” He 
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quotes instances in proof of the benign nature of myeloid tumors 
but draws his material entirely from tumors of the jaw. Patho- 
logical confusion appears obvious in one of Paget’s cases — that 
of a farmer’s boy with an enormous tumor of the calvarium, “be- 
lieved to have originated in the effects of repeated blows on the 
head.” From gross specimen, drawings of certain microscopic 
appearances, and from the clinical course, this tumor was clearly 
a meningioma which provoked much osteoplastic change. 

Lebert first expressed himself of the view that all giant cell 
tumors were benign, but later altered his opinion. Virchow fully 
recognized the benign course of giant cell tumors of the jaw but 
agreed that giant cell tumors of long bones might yield highly 
malignant metastases. He calls attention to the fact that a tend- 
ency existed to regard such cases as complicated when viewed in 
retrospect, but incorrectly so. Virchow ° himself discarded the case 
of Gerlach ° in so far as to refuse to accept it as a tumor of medul- 
lary origin, but states that the case is nevertheless of value for 
the question of malignancy of myeloid tumors. Why he reaches 
that conclusion is not told us. 

Virchow seems skeptical about Hutchinson’s case.’ In this 
patient the tumor is said to have consisted of a mixture of 
“myeloid” and “fibro-plastic” elements. The primary tumor was 
located in the upper humerus. Its definite onset followed 14 
months after fracture dislocation but no surgical interference was 
permitted until nearly 5 years had elapsed. Resection and axillary 
dissection were followed by rather prompt recurrence, fungation, 
cervical extension — said to be in “glands” — and death. Metas- 
tases were found in the lungs. In the infra-axillary and supra- 
clavicular “glands” (the present authors use glands in quotation 
marks because of a suspicion that the lesions were venous emboli), 
no giant cells were found and only “fibro-plastic” elements. The 
lung nodules contained giant cells with one to three nuclei. From 
the description these are probably malignant giant cells. The 
present authors see no reason from the available data to assume 
that this was other than a malignant change in a giant cell tumor. 
Virchow also doubts the case of Forster * which was indeed re- 
surveyed with a follow-up by Wilks,® and classed as “osteoid 
cancer combined with myeloid disease.” 

Virchow has less doubt in accepting the case of Henry,’® yet on 
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review of Henry’s account the author himself seems to express 
misgivings for the first time as to the significance for prognosis of 
the myeloid cells. He writes that “the question now arises, 
whether they indicate anything more than that ossific changes 
are occurring in a tumor” and that “subsequent experience may 
enable us to determine the exact import of myeloid cells, but at 
present, it seems to me premature, to evaluate a characteristic 
which may after all only be accidental, into a test of a radical 
difference in the nature of a tumor.” Finally, Virchow accepts 
without doubts the case of Wilks.'' This seems strange for in this 
paper there is no evidence of microscopic examination of either 
primary, recurrent or metastatic masses. In fact Wilks stated that 
the naked eye characteristics of true myeloids were abundantly 
sufficient to distinguish them. 

On reconsideration it would appear that the evidence on which 
Virchow based his acceptance of the occasional malignant course 
of giant cell tumors of the long bones is insufficient for present day 
standards of analysis although we do not doubt the truth of his 
conclusion. 

Geschickter and Copeland *° describe a case (JCB. N. 13714 — 
Dr. Dingman) where Bloodgood in 1924 had made a diagnosis of 
cellular but typical giant cell tumor on the basis of two curetted 
specimens, and of sarcoma with altered giant cells on the basis of 
an amputation specimen shortly thereafter. They regard the case 
as one of chondroblastic sarcoma of the femoral condyle rather 
than one of giant cell tumor. The patient rapidly developed pul- 
monary metastases and died within 6 months of the first symptom. 

These authors similarly interpret the report of Stone and 
Ewing.’* Here the diagnosis of chondrosarcoma is apparently 
reached from a perusal of microphotographs. We ourselves are in 
possession of the pathological material and cannot find evidence 
of a cartilaginous element. The bone shown in the published 
photograph is not tumor bone but bone in process of destruction. 

Bone Registry case No. 68, patient Mrs. K., treated by Wilson 
and Simmons, is accepted by Geschickter and Copeland as benign 
giant cell tumor. They find on clinical analysis that the patient 
died of pneumonia and cardiac failure. However, Dr. Wilson, 
who actually cared for this patient, tells us he feels certain the 
patient had pulmonary metastases. Ultimate interpretation of the 
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case is dependent on facts no longer obtainable. Geschickter and 
Copeland interpret the changes in the recurrent tumor of this 
patient as a healing reaction. Others viewed them as evidences of 
malignant transformation. Although the process is not marked, 
we find in the initial tumor certain “stromal” areas of confluent, 
very cellular pseudosyncytial mesenchymatous appearing cells 
which remind us of features seen in other tumors that have run a 
malignant course, and though not denying that the tumor was a 
giant cell tumor, our initial prognosis would have been guarded. 
It is interesting to note that the periosteum was found broken 
through at first exploration, probably as the result of failure to 
regenerate at the patient’s advanced age. Moreover, everything 
that might be supposed to excite into accelerated activity a bor- 
derline tumor seems to have been done — four curettages, packing 
with resultant fungation of uncontrolled growth, and intratumoral 
implantation of radium. Infection was inevitable. 

The case described by Augé and Roux ** was probably not a 
benign giant cell tumor. The patient was a male, aged 22 years. 
His initial symptoms were pain in the lower femoral region, re- 
lieved by rest. The pain was greatly accentuated by a fall 11 days 
prior to hospitalization. On admission the knee showed a rounded 
swelling, edema, local warmth, prominent veins, and a small effu- 
sion into the joint. The radiographic reports cannot be interpreted 
in terms of modern roentgen diagnosis. Fever was present and the 
process was thought to be osteomyelitis. After 9 days bed rest a 
pathological fracture occurred and amputation was performed. 
Within 2 months signs of pulmonary metastases appeared with 
pleural pain, “grippe,” fever, emaciation, and bloody sputum; a 
scar recurrence grew rapidly, soft part metastases appeared and 
oliguria was noted. Autopsy showed pulmonary, pleuropericardial 
and renal metastases. Although the figures seem to show a primary 
benign giant cell tumor, the statement is made that it contained 
islands of cartilage and the pleural metastatic nodule is reported 
to have contained cartilage. The case is doubtless to be inter- 
preted as chondrosarcoma with many epulis type giant cells. In a 
discussion, Delbet reaches a similar conclusion. At the same time 
he lays down certain rules for the diagnosis of benign giant cell 
tumors which, if followed literally, would surely make typical 
benign giant cell tumor a rare entity. 
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Geschickter and Copeland are probably correct in their inter- 
pretation of the case of Turner and Waugh” as an instance of 
femoral thrombosis by benign giant cell tumor and not one of 
malignant giant cell tumor in the usually accepted sense. This 
case is similar to one described by Coley *® (J.McC., his case 
No. 11). We do not now regard this as a malignant giant cell 
tumor but as an example of local thrombotic recurrence of benign 
giant cell tumor. It is interesting to note that a radiologist skilled 
in diagnosis of bone tumors regarded this case as malignant from 
the beginning. Goforth’s ** case provides no data on which a diag- 
nosis of primary benign giant cell tumor may be made. The case 
of Finch and Gleave ** leaves much to be desired. The onset oc- 
curred with pain in 1915. Trauma was added in 1916, pathological 
fracture in 1917, which healed after exploration, and at that time 
a diagnosis of osteitis deformans was made. This is difficult to ex- 
plain if the condition was a giant cell tumor. Pain recurred in 1919 
and a diagnosis of giant cell tumor was then made. In 1925 a sec- 
ond fracture was followed by amputation, stump recurrence within 
a few months, and pulmonary metastasis. From the structure of 
the lung metastases an unqualified diagnosis of osteogenic sarcoma 
appears necessary. What the initial lesion was no one can say. 

In Dean Lewis’ case, reported by Geschickter and Copeland, all 
data on the original lesion were lost. Lewis is said to have believed 
the initial lesion to be a giant cell tumor. The metastases are de- 
scribed as bone-forming. One was curious in that it contained well 
developed marrow. This may be significant because of the fact 
that the present authors have twice noted evidence of hema- 
topoiesis in areas of supposedly malignant giant cell tumors. We 
do not recall seeing such foci in osteogenic sarcomas, but this of 
course is not evidence. In a case to be discussed later King reports 
cells of ‘bone marrow type.” 

MacGuire and McWhorter *® report 4 cases of giant cell tumor 
where the histology is atypical and where local recurrences or 
metastases or both occurred. The structure and behavior of their 
case No. 34 corresponds to what we regard as malignant “trans- 
formation” of giant cell tumor. We believe their case No. 35 is of 
the same nature but find difficulty in interpreting the microphoto- 
graphs. In their other 2 cases we find the data, as presented, un- 
satisfactory for conclusions. 
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The case of Dyke * is somewhat similar to that of Augé and 
Roux in the distribution of metastases. The patella is a most 
unusual site for the common giant cell tumor, unless it be of the 
tendon origin type. The microphotographs are chosen from small 
fields and although they apparently illustrate benign giant cell 
tumor of the usual variety one would like to see more of it, or 
have a more elaborate description of the histology before drawing 
conclusions. Dyke’s report is followed by one by Orr.” The lat- 
ter publication is necessarily sketchy because the case is one 
resurrected from a museum specimen of 1898. 

King ** reports a very satisfactory case. The tumor was located 
in the lower end of the radius. It had been present for 4 to 5 
years. The radiographs were typically those of giant cell tumor 
and roentgen therapy was given. On later examination there was 
evidence of partial sclerosis commonly seen in giant cell tumor 
but also of cortical erosion and soft part extension. The radius 
was resected and a graft inserted. Local recurrence led to absorp- 
tion of the graft; epitrochlear extension was followed by amputa- 
tion, clear-cut X-ray evidence of pulmonary metastases and 
death. No autopsy was performed. 

Sections were at first interpreted as benign giant cell tumor. At 
a later review malignant appearing areas were found containing 
active spindle cells and giant cells of both tumor and foreign body 
type. The figures from the epitrochlear tumor show loss of all 
suggestion of giant cell tumor. King regards the case as an ex- 
ample of malignant giant cell tumor of bone and specifically states 
that the term refers only to a malignant form of benign giant cell 
tumor, and does not refer to obvious osteogenic sarcomas which 
contain giant cells. With King’s interpretation and terminology 
we are in full accord. We believe that there are tumors which 
show malignant features from some relatively early period but 
which are to all intents and purposes identical in nature with the 
benign giant cell tumor and which are distinct from osteogenic 
sarcoma in the usually accepted sense. The existence of such 
tumors must necessarily throw more responsibility of proof on 
those who assert that surgical or radiological interference with a 
benign giant cell tumor, or even pathological fracture, are the 
cause of its assuming malignant characteristics. This matter will 
be discussed later in connection with individual case reports. 
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Some writers call attention to the fact that there exists no proved 
case of pulmonary metastases from benign giant cell tumor where 
the structure of the pulmonary metastases was that of giant cell 
tumor. The metastases are said to show always the structure of 
osteogenic sarcoma. The authors have not had opportunity to 
study pulmonary metastases from malignant giant cell tumors but 
would suspect, from the structure of the histologically malignant 
primary tumors, that the metastases would not resemble the usual 
osteogenic sarcoma. Although to date no acceptable case of pul- 
monary metastatic tumor has shown the structure of giant cell 
tumor, it should not be surprising if such were eventually reported. 
Giant cell tumors are known to invade veins, spread to adjacent 
bones, appear in adjacent or more distant soft part tissues, and 
may well go farther without assuming an appreciably altered 
structure. In this connection one might recall the curious metas- 
tases of chorioadenoma destruens, the growth of chondroma into 
veins, venous invasion by uterine myoma, and rare distant me- 
tastases. Through the courtesy of Dr. Paul Steiner one of the 
authors has had the opportunity to study a case with massive pul- 
monary metastases from a uterine myoma. In this case * neither 
the uterine tumor nor the pulmonary metastases could be regarded 
as malignant from their histology alone. Malignancy is an at- 
tribute. The expression may refer to behavior and may refer to 
possession by the tumor of certain characteristic histological fea- 
tures. These phenomena are not necessarily always parallel. To 
risk diverging one might cite the infantile nevus. Many infantile 
pigmented nevi cannot be distinguished from malignant melano- 
mas, but clinically they are benign lesions. 

Efforts have been made to minimize the occasional malignant 
character of giant cell tumor on the basis of (1) confusion in 
initial diagnosis, mainly between chondrosarcoma and giant cell 
tumor, and (2) the development of the concept that the malignant 
tumor which arose in an otherwise innocent giant cell tumor was 
a “secondary” osteogenic sarcoma. The first is valid. The second 
is a matter of philosophical discussion. Adopting the terminology 
of the Registry of Bone Sarcomas, a system of classification which 
has been useful, but which possesses some inconsistencies, one 
might safely state that the malignant giant cell variant was an 
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osteogenic sarcoma —a sarcoma arising from bone. We cannot 
see, however, that it is any more “secondary” than are many other 
tumors where one never thinks of such designation. Every tumor 
is secondary to something. Actual histology would suggest that 
some malignant giant cell tumors had more the characteristics of 
granulation tissue sarcomas than anything else. This would fit 
well with various notions concerning the histogenesis of giant cell 
tumor, namely a peculiar reparative process following necrosis of 
cortical bone under specific conditions. Mallory’s opinion ** as to 
the essential reparative nature of the process designated as giant 
cell tumor has, we believe, received confirmation with the elucida- 
tion of the brown tumors of hyperparathyroidism. The mecha- 
nism of the radiation response of giant cell tumor is perhaps 
significant in this regard, for it is strongly suggested that radiation 
acts in these tumors toward reducing blood supply and permitting 
recalcification, rather than destroying tumor cells in the manner 
frequent in malignant tumors. It is also interesting that the last 
comprehensive study of the origin of the epulis type of giant cell 
in bone, that of Zawisch-Ossenitz,”* reemphasizes the origin from 
penetrating endothelial sprouts. She reports solid endothelial 
sheets splitting off from invading capillary endothelium. Of course 
the interpretation is not new. 

In a more recent single case report Puhl *° attacks the theories 
of the essential reparative origin of giant cell tumor. He offers as 
substitute the statement that these tumors are dysontogenic 
lesions — tumors of embryonal mesenchyme, the mesenchymal 
cells being capable of differentiating in multiple directions, with 
the formation of giant cells, osteoid and cartilaginous tissue. Puhl 
is undoubtedly describing a case of chondromatous giant cell 
tumor. Admitting the possible correctness of his interpretation of 
the origin of chondromatous giant cell tumors, we question the 
advisability of assigning all giant cell tumors to similar origin. In 
several cases of malignant giant cell tumor we have noted resem- 
blance of the tumor cells to condensed atypical mesenchyme. One 
must, however, consider the possibility of dedifferentiation and 
reversion in the production of such pictures as well as dysonto- 
genesis. The exact mode of origin of the average giant cell tumor 
will probably await solution until opportunity arises, probably by 
accident, to see the lesion in its very early stages. It is difficult to 
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conceive of dysontogenic origin of the Brauntumoren of hyper- 
parathyroidism. 

Puhr *° emphasizes a reticuloendothelial origin for benign giant 
cell tumors. We cannot see that the evidence is especially clarify- 
ing and quote the paper only because the theory is of interest in 
view of the structure of certain of the malignant tumors in our 
own series. 

In selecting the following cases for detailed report, efforts have 
been made to exclude cases of doubtful significance. Only when 
material from the initial curettage and from subsequent speci- 
mens, in which no possible doubt can exist as to the malignant 
quality of the process, is available for review is the case regarded 
as suitable for presentation. If, however, the first material avail- 
able for study comes from a second operative procedure, but still 
shows the lesion to be a giant cell tumor, subsequent course prov- 
ing the lesion to be malignant and with histological proof of change 
of character, the case may still be included since it cannot be as- 
sumed that a recurrence of an initially malignant tumor will take 
the form of a benign giant cell tumor. Typical roentgen evidence 
of pulmonary metastases and the death of the patient are accepted 
as proof of malignant character and autopsy confirmation is not 
considered essential. Strict exclusion of certain material robs the 
series of several cases where no doubt exists in our own minds as 
to facts, but it is our feeling that the inclusion of such cases would 
add no information. 

One case is included, although it is considered as malignant 
from the earliest available material. It is included because it is 
believed that, like King’s case, it is a malignant giant cell tumor 
and not the usually accepted osteogenic sarcoma. 


CAsE REPORTS 


Case 1. H.C., male, aged 27 years, applied to the Memorial Hospital on 
June 1, 1929. He complained of pain largely confined to the popliteal region 
on the left, beginning 9 months prior to admission. There was no history of 
trauma. The joint had been swollen and inflamed. Motion was painful. The 
swelling and pain subsided at intervals only to recur. He walked with little 
difficulty. When the pain was severe, flexion was incomplete. On admission 
to the clinic no swelling was evident. Deep pressure failed to elicit pain but 
motion was limited. The patient presented radiographs which showed a large, 
multilocular cystic growth of the lower femoral region regarded as character- 
istic of giant cell tumor. The patient received X-ray treatment but since the 
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size of the portal is not mentioned the dose cannot be calculated. It was 
apparently not excessive. After treatment the early films are said to have 
shown improvement. The patient failed to report to the follow-up clinic 
until about 7 months had elapsed, when he returned with a pathological 
fracture which had occurred in bed. He was placed in a Balkan frame. 
Additional X-ray therapy was given and by April 30, 1930, the patient was 
using a walking Thomas caliper. Local swelling and tenderness following 
fracture had regressed. One month later radiographs were reported as 
showing suggestion of further decalcification and some reactivity of tumor. 
Thereafter films made about every 2 months were reported as showing 
little change. In October, 1931, the patient had a curettage with implanta- 
tion of fat pad at another hospital. No drainage was done. About 1 month 
later the patient became febrile, the tumor showed marked evidence of 
local recurrence, and amputation was performed in January of 1932. The 
tumor rapidly recurred in the stump, pulmonary metastases were demonstra- 
ble, and the patient died on April 1, 1932. 


Comment: It is difficult to assign the blame for the behavior of 
this tumor. Some would incriminate curettage, others the X-ray 
followed by curettage; some would suspect the influence of the 
fat pad, others the pathological fracture. We suspect the tumor 
itself, for reasons which will appear later. However there was 
rapid alteration after curettage and one may be justified in assum- 
ing the attitude post hoc ergo propter hoc. 

Material from the curetted specimen (Fig. 1) comes from five 
different areas. The structure is essentially the same throughout. 
The giant cells are very large, some containing as many as 100 
nuclei of uniform size and structure. They do not appear related 
especially to areas of blood pigment, hemorrhage or blood lakes. 
There are faint traces of dead bone in process of decalcification. 
No cartilaginous or myxomatous tissue is seen. In some areas the 
“stromal” cells are a trifle atypical, being more spindle shaped and 
less polyhedral than usual. No sharp demarcation can be made 
out, however, between these spindle cells, the polyhedral cells, and 
the smaller giant cells of probably recent formation. On long 
search, although mitoses are numerous in spindle and polyhedral 
cells, no atypical mitoses can be found. In some areas the spindle 
cells occur in hyaline areas no different from those of reactive 
fibrosis. A few well formed vessels are seen but for the most part 
the vascular channels are lined by single rows of endothelium. In 
some no endothelial lining can be made out. Hemorrhage has 
occurred in the interstices of the tumor and old blood pigment is 
found. There are occasional xanthomatous foci. In some areas 
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giant cells become sparse and spindle cells more prominent. There 
is a strong suggestion of vasoformative properties in these spindle 
cells and they appear inseparable from the capillary endothelium. 
Where the spindle cells are numerous they seem to grow in pseudo- 
syncytial fashion but cell boundaries are nevertheless present. 

In the specimen obtained at amputation (Figs. 2 and 3) no cells 
of the epulis type are seen. Many giant cells occur but their 
nuclei are few in number, are very large, pale and vesicular, and 
some contain from seven to eight nucleoli. Where nucleoli are 
fewer they attain enormous size; some are as large as an entire 
normal plasma cell. Many atypical mitoses are seen. There are 
numerous degenerative mitoses where the cytoplasm is filled with 
coarse irregular chromatin granules. Some cells contain a single, 
large hyperchromatic nucleus, itself as large as a small epulis giant 
cell. Between the giant cells are large fusiform or polyhedral cells 
with rather clear cytoplasm, large vacuolated nuclei and giant 
nucleoli. Many show mitoses. All transitions between these fusi- 
form and polyhedral cells and the tumor giant cells are found and 
there is a suggestion that the giant cells arise both by accretion 
and through multiple mitosis. Where the cells are more sparsely 
distributed a distinct endothelial character is noted. The tumor 
looks angioblastic, although this property is less marked than in 
other instances to be illustrated later on. 

We can see no reason to call this tumor secondary. To do so 
arbitrarily creates division where none can be shown to exist. We 
believe the term “secondary” is a loose one. It might suggest that 
the lesion was of a fundamentally different histogenic type. This we 
do not believe. It is a continuation of the same underlying process 
in aggressive neoplastic form. “Secondary” might mean that a 
second cause or stimulus was operative. This may be quite pos- 
sible. In fact, in most instances of malignant transformation of 
giant cell, tumor is strongly suggested. 


CAsE 2. L.S., male, aged 35 years, applied to the Memorial Hospital on 
Aug. 24, 1937. About 1 month before admission he began to experience 
discomfort about the left knee joint. Shortly thereafter he noted pain and 
swelling, and some tenderness on pressure. He consulted a physician who 
treated him under a diagnosis of arthritis, with no relief. Radiographs were 
then made and the patient was referred to the bone service at the Memorial 
Hospital. The lower end of the femur was involved by a destructive growth 
which extended from the articular surface of the right condyle upward for a 
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distance of 7 to 8 cm. The region was trabeculated. The cortex was thin and 
not perforated. The outer limits of the tumor were sharply demarcated, espe- 
cially upward. It had the appearance of a giant cell tumor. 

The patient was treated by curettage, washing out the cavity with zinc 
chloride solution in the usual manner, followed by Dakin’s, and the wound 
was closed without drainage. Convalescence was at first uneventful but the 
patient complained of much more pain than usual about the time of his dis- 
charge. There was spasm of the hamstring muscles. On Oct. 10, 1937, blood 
was aspirated from the joint cavity. Roentgenographs at that time showed 
evidence of active extension of tumor accompanied by considerable increase 
in bone destruction. The lung fields were clear. Amputation was advised and 
accepted. On Jan. 10, 1938 the patient complained of pain in the chest. From 
then on, the downhill course was rapid; there developed metastases in the 
tenth thoracic vertebra, transverse myelitis, pulmonary metastases, and death 
occurred on March 14th. 

Comment: The initial diagnosis of giant cell tumor was made 
by aspiration and from the aspirated material alone a note was 
made that the “stroma” was unusually cellular. From the curet- 
tings (Fig. 4), the tumor was reported as giant cell tumor with 
the reservation that its benignancy could not be guaranteed. There 
were numerous typical epulis giant cells with the characteristic, 
small polyhedral cell stroma. Hemorrhage had occurred with de- 
position of blood pigment. The blood supply consisted of widely 
dilated capillaries mostly with an endothelial lining of a single 
row of cells. Some vessels seemed to lack a complete endothelium 
and the tumor was telangiectatic. Hemorrhage had occurred in 
the interstices of the tumor quite recently but this was doubtless 
the result of the curettage. Old strands of fibrous tissue crossed 
the mass. There were traces of bone in process of decalcification. 
No cartilage or myxomatous tissue was seen. In one area (Fig. 5) 
the giant cells were scanty, nuclei less numerous, the cells were 
small, and there was a marked proliferation of cells of the 
“stromal” type, rather larger, slightly more ovoid, and slightly 
more hyperchromatic than the usual stroma cells. There mitoses 
were numerous but not atypical. These cells lined in part vascular 
channels without definite endothelial walls, although an occasional 
flattened cell resembling endothelium could be seen. Demarca- 
tions between individual cells were often indefinite. No tumor 
giant cells could be identified. On the basis of this area we refused 
to state that the tumor would run the course of the usual giant cell 
tumor but likewise refrained from calling it other than giant cell 
tumor. In examining the suspicious area Dr. Ewing stated that he 
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had previously seen such areas in giant cell tumors that had not 
run a malignant course. Nevertheless the atypical area fully justi- 
fied our suspicions. 

It is important to note that suspicious features in this tumor 
were found within a short time after known onset, prior to any 
interference, deliberate or accidental. In the amputated specimen 
we found an extremely destructive, soft, pulpy hemorrhagic tumor 
involving the lower end of the femur, including the epiphysis and 
lower 5 cm. of shaft. There was a pathological fracture, said to 
have occurred during or shortly after operative handling rather 
than prior to amputation. The tumor had broken through the 
cortex and a bulky soft part mass was present. The total bulk of 
tumor was about 13 by 13 by rocm. The joint cavity was invaded 
and filled with blood. There was an upward extension of tumor 
between the deep muscle planes. The gross diagnosis was aneu- 
rysmal giant cell tumor. In sections, only one area examined 
shows the characteristics of benign giant cell tumor. The others 
consist of tissue resembling the suspicious appearing area of the 
curettings. Cells are polyhedral or ovoid; nuclear-cytoplasmic 
ratio is disturbed, nuclei being unusually large. Growth appears 
to be largely syncytial and the tissue suggests a cellular, atypical 
condensed mesenchyme. The circulation is almost entirely tel- 
angiectatic. Giant cells of the epulis type are exceedingly rare. 
Mitoses are numerous; none appears atypical. The mode of 
growth varies from place to place. In some areas (Fig. 6) it 
is almost epithelial with cells appearing in sharply demarcated 
sheets. Such areas are also seen in endothelial tumors. Where 
hyaline fibrous tissue is being invaded it is impossible for us to 
separate satisfactorily the tumor cells from either fibroblasts or 
endothelium. Thus the tumor possesses characteristics seen in 
granulation tissue sarcomas. No tendency to form bone, cartilage 
or osteoid tissue is found. We class this case as one of primary, 
malignant giant cell tumor of bone. 


Case 3. G.G., male, aged 39 years, applied for treatment at Memorial Hos- 
pital on Feb. 15, 1929. He had had a curettage with packing of the cavity by 
gauze, at another hospital, of a typical giant cell tumor of the lower right 
femur, mainly the external condyle. Despite treatment, successive radio- 
graphs showed increasing destruction up to the time of the institution of 
X-ray treatment at the Memorial Hospital. From that time on, over a period 
of about 1 year, reports from radiographs indicated some increased bone 
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density, interpreted as a healing process. After about 1 year, however, films 
showed evidences of reactivated disease. Amputation was done on May 27, 
1931. By September of 1932 a mass was palpable in the right groin. The mass 
extended into the abdomen. The patient complained of severe pain which 
finally necessitated chordotomy. On May 3, 1933, pulmonary metastases were 
found and on May 11th the patient expired. 


Comment: Through the kindness of Dr. Jaffé we have reviewed 
the sections of the original tumor. Material from several different 
areas was interpreted by Jaffé and ourselves as typical benign 
giant cell tumor. There are no signs of bone production, atypical 
stroma, cartilage, or myxomatous areas. Sections from the ampu- 
tated specimen 4 years later show a purely destructive, non- 
ossifying, highly malignant appearing sarcoma. The cells are loose, 
round or ovoid, and contain one or more large hyperchromatic 
nuclei and giant nucleoli. Reticular structure is absent. There 
is no tendency toward the formation of long spindle cells and 
no epulis giant cells are seen. There are numerous mitoses, some 
atypical and multiple. The circulation is telangiectatic. An as- 
piration biopsy from the inguinal mass also showed a malignant 
tumor. 

This tumor may have been malignant from its onset but the 
burden of proof must rest on those who refuse to accept the con- 
trary evidence. 


Case 4. D.K., female, aged 28 years, was first treated by Dr. Lewis Gregory 
Cole in 1931 for what was regarded as a typical benign giant cell tumor of the 
right lower radius. She received sufficient radiation to control the usual giant 
cell tumor, but about 9 months later there was roentgenographic and clinical 
evidence of recurrence. More radiation was given but the process remained 
uncontrolled. Hence a curettage was performed and the cavity was swabbed 
out with carbolic acid. Within 4 months the tumor had again recurred and a 
second curettage was done. Altogether the tumor was curetted on six occasions 
(in 1931, twice in 1932, three times in 1933). Additional radiation was given 
between the fifth and sixth curettage and after the last curettage. 


Comment: Material from the earlier specimens shows a typical 
benign giant cell tumor, containing numerous giant cells of the 
epulis type, without undue vascularity, and with no unusual altera- 
tions in the character of the tissues between the giant cells. Mate- 
rial from the fourth curettage is extremely vascular and the giant 
cells are less numerous. 

For the first time a distinct alteration was observed in material 
from the last curettage and then, especially since the tumor had 
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fungated, an amputation was performed. The giant cells in the 
amputated specimen are of two types but suggestions of transi- 
tion stages are observed. Large, typical epulis type cells pre- 
dominate but there are numerous smaller giant cells with few 
nuclei, sometimes only two or three. In the intermediate type of 
giant cell can be seen in addition to the usual nuclei of the be- 
nign giant cell type, one and sometimes two very large, hyper- 
chromatic nuclei with correspondingly large nucleoli. Malignant 
giant cells are of the usual type, with few large nuclei and with 
giant, atypical mitotic figures. Giant mitoses are found in the 
intervening tissue. In some giant cells there is a suggestion of 
growth by fusion of nuclei, the resultant nuclei resembling those 
of megakaryocytes. We can not be certain that some such cells 
are not megakaryocytes, especially since in addition to all of the 
features found in the last curettings, accentuated only in degree, 
in the amputated specimen there is distinct evidence of blood 
formation (erythropoiesis). 

Were this tumor anything but a giant cell tumor it is most re- 
markable that six curettages were necessary before its malignant 
characteristics were detected. The patient has nearly passed the 
5 year period of freedom from disease. 

Case 5. M.L., male, aged 44 years, applied to the Memorial Hospital on 
Nov. 8, 1933. His history stated that he had had pain of sudden onset in 1926, 
located just below the right knee. At that time the lesion was considered a 
tibial bone cyst. Operation was advised but refused. The pain lasted about 
3 weeks and then subsided. It did not recur until about a year before admis- 
sion to the Memorial Hospital. In August 1933 the lesion was curetted at 
another hospital. The material was diagnosed giant cell tumor. Pain persisted 
and 3 months later a second curettage was performed. At both operations the 
wound was closed tight, without drainage. Although the early radiographs 
were considered those of a bone cyst or giant cell tumor, later films taken in 
January, 1934, were considered as showing that the process had become ma- 
lignant. Amputation was then done. Only 3 weeks after amputation, disease 
was evident in the stump and a mass was palpable over Scarpa’s triangle. In 
May of 1934 evidence of pulmonary metastases appeared in chest films. The 
recurrent lesions resisted roentgen therapy. The patient died in July of 1934. 

Comment: Sections from five different blocks of the curettings 
obtained at the second operation showed benign giant cell tumor. 
Review of these sections shows benign giant cell tumor. Giant 
cells are of the epulis type. Nuclei are small, uniform, and very 
numerous. The stroma cells are perhaps a trifle more spindle 
shaped than in some instances of giant cell tumor. Some appear 
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to line blood spaces, interrupting the continuity of the endothelial 
layer. The lesion is very vascular. It is impossible to separate the 
capillary endothelium and perithelial cells from other elements, 
and blood vessels, as is usual, form an integral part of the process. 
There are old areas of hemorrhage and masses of blood pigment 
which probably date from the first curettage. There is no evidence 
of cartilage or myxomatous tissue. After long search a single giant 
cell was found with a nucleus and nucleolus much larger than nor- 
mal. The cell appeared, however, degenerated. 

During the 2 months that elapsed between the second curettage 
and the amputation the curetted cavity had partly filled with 
fibrin, but a mass of recurrent tumor 6 cm. in diameter had de- 
veloped in its anterior half. This mass invaded the soft tissues; 
an upward extension penetrated beneath the patella and extended 
on both lateral aspects nearly to the popliteal space. In a small 
area this upward extension invaded the cortex of the femur. The 
curious outlines of the recurrent mass suggested invasion of veins. 
There is a marked structural change in the tumor, a change of 
considerable significance. One portion consists of dilated blood 
vessels containing leukocytes but essentially no red blood cells. 
These vessels are surrounded by perithelial spindle shaped cells 
which merge gradually into sclerosing fibrous tissue without defi- 
nite demarcation between the perithelial cells and the fibroblasts. 
It has many characteristics which would lead one to regard it as 
neoplastic granulation tissue. These capillary channels merge im- 
perceptibly with channels lined by large, thick, irregularly fusi- 
form, very hyperchromatic, malignant tumor cells (Fig. 7). 
The nuclei are large and mitoses are numerous. About some of the 
vessels the perithelial cells are arranged in whorls of malignant ap- 
pearing cells inseparable from similar cells lining the channels. 
Where neoplastic vessels are less numerous the interstitial tissue 
shows fibrosing tendencies and ranges in appearance from cellular 
fibroma to spindle cell sarcoma. Epulis giant cells are no longer 
found. Taken as a whole the structure is that of malignant granu- 
lation tissue sarcoma. 

The long history in this case is very much against the idea that 
there was anything malignant about the initial lesion. We cannot 
avoid holding the suspicion that this malignant tumor arose in a 
benign lesion after multiple curettages. 
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Case 6. Material from the case of J.N., reported in detail by Stone and 
Ewing ™ is still available for study. We have reviewed this material in view 
of the assertion of Geschickter and Copeland that the tumor was not a giant 
cell tumor but a chondroblastic sarcoma. We are unable to find evidence that 
it was a cartilaginous tumor. 


Comment: Since the case was reported in considerable length by 
Stone and Ewing we see no reason to duplicate the report. We find 
the early sections typical of giant cell tumor. The bone formation 
reported is a poorly developed calcification in an area of not very 
cellular hyaline osteoid tissue and is fully consistent with proc- 
esses that may occur at the periphery of giant cell tumors or in 
pure inflammatory disease of bone. The “stroma” is not very 
cellular and the intercellular substance is quite fibrous, in some 
places almost keloidal in character. Although from the material 
remaining we are unable to trace the evolution of the malignant 
change in the recurrent tumor, material from the amputated speci- 
men is still available. The malignant tumor present is similar to 
those described in other instances of this same change. The cells 
are loose, spindle or polyhedral elements, arranged in syncytial or 
pseudosyncytial fashion, rather delicate and hydropic appearing, 
and of an appearance suggesting that of condensing mesenchyme. 
Giant cells of the epulis type are absent. The tumor is quite dif- 
ferent from known varieties of true osteogenic sarcoma. 


Case 7. E.M., female, aged 18 years, entered the Memorial Hospital on 
March 2oth, 1928. Seven months prior to admission she first noted painful 
swelling of the right knee. This became progressively worse and she con- 
sulted a physician who performed a curettage after the roentgen diagnosis of 
giant cell tumor of the tibia. This curettage was not complete because of fail- 
ure to secure hemostasis. Three weeks later a second curettage was likewise 
unsuccessful for the same reason. The patient was then referred to the Me- 
morial Hospital. On admission the wound was found filled with gauze packing 
and was obviously infected. Radicgraphs taken after admission were indefi- 
nite; the tumor was considered malignant but it was also stated that an in- 
fected giant cell tumor, recurrent after curettage, could present the same 
features. Under external radiation, for a short period, the tumor fungated. 
Attempts to control growth by caustics failed, infection increased, and on 
May 26th, 1928, the leg was amputated despite roentgenographic signs of 
pulmonary metastases. The patient died 3 months later with extensive pul- 
monary disease. 


Comment: The first sections show in our opinion a giant cell 
tumor, but like King’s case and others of our own, we believe 
there were already definite evidences of malignant tendencies. In 
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fact there are areas in the first specimen that appear just as malig- 
nant as does the material from the amputation. Although the diag- 
nosis of giant cell tumor is accepted we cannot say that it was ever 
benign. At the same time, in none of its characteristics does it 
resemble the usual osteogenic sarcoma. This case is carried in the 
registry of bone sarcomas as an osteogenic sarcoma but we feel 
that such tumors belong in a category by themselves. 

Sections from the amputated leg show a tumor of pleomorphic 
structure (Fig. 8). There are large numbers of giant cells of the 
type seen in benign giant cell tumor. Some of these lie free in 
spaces. Some line vascular channels. Some lie free in vascular 
spaces. Many of the giant cells are continuous with reticular, 
loose, delicate appearing edematous tissue resembling mesenchyme. 
The reticular tissue passes, without lines of demarcation, over into 
small fusiform cells resembling fibroblasts. Some of the reticular 
cells are continuous with structures that resemble primitive 
vascular channels; the latter are lined by reticular tumor cells, 
interspersed with typical multinucleated giant cells. Maturation 
of fibroblasts and production of collagen are present to a very 
scanty extent. At intervals, among the loose reticular cells, a 
markedly hyperchromatic cell with a deeply staining ovoid nucleus 
is seen. Such cells are also found at intervals mingled with the 
reticular cells lining the vascular channels. Some contain central 
vacuolar spaces resembling those of primitive vascular channels. 
There is evidence that these hyperchromatic cells multiply by 
atypical multiple mitosis, producing large giant cells with several 
hyperchromatic, large irregular or giant lobular nuclei. Occa- 
sional cells of this type are seen in the vascular lumens. The 
tumor on the one hand definitely forms blood channels and, on the 
other, fibroblastic elements that are associated with the laying 
down of fine collagen fibers. Thus it resembles an angioblastic 
granulation tissue sarcoma of a peculiar type. In no areas are 
ossifying tendencies observed. 


DISCUSSION AND CONCLUSIONS 


We have been unable to arrive at a satisfactory descriptive term 
for these malignant giant cell tumors. It is perhaps best to retain 
the designation “malignant giant cell tumor” since it carries at 
least a definite connotation. Efforts to establish hard and fast lines 
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of distinction in cells involved in bone development have made the 
description of the histogenesis of bone most complex, and through 
the ultracytological analyses of various histologists cells have 
acquired individualities which they probably do not merit, or 
merit only in a transient sense. 

We are unable to separate the cell elements of giant cell tumors 
from the connective tissue cells and vessels which are involved in 
the histogenesis of bone and which evolve in different directions 
dependent on the physicochemical conditions of the period. We 
feel much sympathy with the views of Moschcowitz,”’ as expressed 
in his paper on the relation of angiogenesis to ossification, and see 
many similarities in the development of malignant giant cell 
tumors. We venture to doubt that one can specifically state that 
a giant cell tumor is a tumor of giant cells, intervening connective 
tissue cells, or angioblastic elements, or that the malignant giant 
cell tumor is a sarcoma of giant cells, angioblastic elements, or an 
endothelioma or a granulation tissue sarcoma, since we find great 
difficulty in separating the elements of the tumor into permanent 
entities. In our own cases no true bone formation has been ob- 
served and yet it would surprise no one if a tumor with this evolu- 
tionary pattern should appear. Despite the tendency, which we 
also have followed, to reject as giant cell tumors of malignant type 
those tumors where cartilage has appeared in the metastases, still 
their rejection may not be necessarily warranted. 

Thus the form assumed by the process known as giant cell tumor 
will be found to depend on the nature of the circumstances, physi- 
cal and chemical, which have initiated the process, plus the 
extrinsic factors that interfere with its normal evolution. Until 
better understood, the interpretation of giant cell tumor and its 
malignant evolution must remain in a speculative phase. 
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DESCRIPTION OF PLATES 


PLATE 130 
Fic. 1. Typical benign giant cell tumor. 


Fic. 2. Malignant recurrence of the tumor illustrated in Figure 1. 


q 
| 
| 
= 


PLATE 130 


AMERICAN JOURNAL OF PatnoLocy. Vor. XIV 


Malignant Giant Cell Tumor of Bone 


Stewart, Coley and Farrow 


1 
» 
or’ 4 


PLATE 131 


Fic. 3. Malignant recurrence of the tumor illustrated in Figure 1. Syncytial 
cells growing in a manner suggesting the growth of endothelium. 


Fic. 4. Typical benign giant cell tumor. 
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PLATE 132 
5. Area of peculiar small spindle cells resembling condensed pseudo- 


Fic. 
yncytial mesenchyma. Malignant course suggested on basis of such area. 


6. Diffuse recurrent tumor. Growth in sheets of pale syncytial cells re- 
sembling an epithelial or a diffuse endothelial tumor. 
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PLATE 133 


Fic. 7. Marked angioblastic characteristics in the recurrence of a benign 
giant cell tumor. 


Fic. 8. Malignant giant cell tumor. Distinct angioblastic characteristics. 
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BLOOD PLASMA PROTEINS AS INFLUENCED BY LIVER INJURY 
INDUCED BY CARBON TETRACHLORIDE AND GUM ACACIA * 


C. C. Ertcxson, M.D., G. P. HEcKEt, M.D., ano R. E. Knutti, M.D. 
(From the Department of Pathology, University of Rochester, School of Medicine 
and Dentistry, Rochester, N. Y.) 

INTRODUCTION 


Although the changes in the blood plasma proteins following 
liver injury are variable and often only transient, a study of the 
prolonged effects of injurious agents might be expected to throw 
some light on the problem of plasma protein production. Adminis- 
tration of carbon tetrachloride to dogs has been shown to produce 
some impairment of liver function as evidenced by a temporary 
decrease in fibrinogen concentration,! and marked anatomical 
changes of the nature of cirrhosis have been produced by some 
workers ** by prolonged administration of this substance. In such 
animals there have been clinical evidences of liver insufficiency. 

By giving carbon tetrachloride to dogs over periods of many 
months we have been able to produce slight to moderate cirrhotic 
changes in the liver. A study of the plasma proteins in such ani- 
mals has shown slight diminution in the total plasma protein 
concentration with a distinct decrease in the albumin fraction. 

We * have recently reported that intravenous injection of gum 
acacia solution causes lowering of the fibrinogen and total circu- 
lating protein, incident to the deposition of acacia in the liver 
cells. Since both carbon tetrachloride and acacia can be given to 
dogs over periods of several weeks without marked changes in 
their clinical conditions, it was of interest to combine the use of 
these substances ~ in the same animals, in order to ascertain 
whether there would be evidence of added injury due to their 
combined effects, or, possibly, whether acacia might protect liver 
cells from damage by carbon tetrachloride. The data to be pre- 
sented indicate that this combination causes a more marked de- 
crease in fibrinogen and total plasma protein concentration than 
that which has been obtained with gum acacia alone. 


* Received for publication May 5, 1938. 
{We are indebted to Eli Lilly and Company for valuable materials used in 
these experiments. 
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METHODS 


Dogs were used for all experiments. Two dogs were studied 
which received carbon tetrachloride alone. Three dogs were given 
carbon tetrachloride and gum acacia. Carbon tetrachloride, both 
C.P. and commercial grades, was given in varying doses by stomach 
tube. Sufficient water was added in order to diminish as far as 
possible any local irritative effects. Small amounts of the drug, 
2 to 5 cc. daily, were given at first and this dosage was increased 
as indicated in Tables I and II. 

Gum acacia (Lilly, “without sodium chloride”) was made up in 
Locke’s solution (minus calcium chloride) to concentrations of 6 
or 12 per cent, and the desired amount of this solution was in- 
jected intravenously. 

Blood for analysis was obtained by jugular puncture and added 
to measured amounts of 1.4 per cent sodium oxalate solution in 
hematocrit tubes. Appropriate dilution factors for this procedure 
were introduced into the various formulas. Total nitrogen deter- 
minations were made in duplicate and triplicate by a modification 
of Goebel’s method, as described by Peters and Van Slyke.® 
Occasional plasma non-protein nitrogen determinations showed no 
increase in this substance, therefore an average amount, 20 mg., 
was subtracted from the total plasma nitrogen before multiplying 
by 6.25 in order to obtain the plasma protein concentration. 
Fibrinogen was estimated by using a modification of the Jones- 
Smith method as described by us in a recent publication.* Al- 
bumin and globulin were determined by Howe’s method as 
described by Peters and Van Slyke® using 22 per cent sodium 
sulfate at 37° C. 

Dogs receiving carbon tetrachloride were fed various diets. No 
attempt was made to control the carbohydrate content of the diets, 
and only at intervals was the protein content measured. Dogs 
receiving carbon tetrachloride and gum acacia were given diets 
consisting wholly of cooked meat in order to obtain as great a 
response to liver damage as possible.” 


EXPERIMENTAL OBSERVATIONS 


Dogs Receiving Carbon Tetrachloride Alone: Table I (Dog 
35-35) shows an 8 months interval in the record of a dog that was 
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given carbon tetrachloride by mouth. There was a control period 
from November 4th to December gth during which time weekly 
plasma protein determinations were done. It will be noted that 
there is little fluctuation in the plasma protein concentration, and 
only at one period of 2 weeks in the 4th month (April 2nd and 
oth) was there any diminution. Otherwise the plasma protein 
concentration ranged within the control period: (November 4th to 
December oth) limits, with the exception of one high reading on 
June 22nd. The albumin concentration, on the other hand, shows 
a gradual decline reaching its lowest point on May 14th, when it 
was down to 1.72 gm. per cent, about half of the control concentra- 
tion. In spite of massive doses of carbon tetrachloride following 
this period the albumin concentration instead of diminishing 
further rose appreciably. During a period of a week (January 
20th) at which time no carbon tetrachloride was given, the albumin 
concentration rose to 3.36 gm. per cent from a former average of 
2.5 to 3 gm. per cent. During the other period when carbon 
tetrachloride was omitted for 2 weeks (April 16th and 23rd) there 
was no rise in the albumin. 

The globulin concentration shows changes of interest. During 
the control period there was an increase in globulin concentration 
which cannot be accounted for. The diet of the animal had not 
been changed during this period. The rise in globulin concentration 
along with the total plasma protein concentration in May and June 
is also of interest, but no adequate explanation can be offered. 
During this interval large doses of carbon tetrachloride were 
given. There was a similar rise of short duration during the 2 
weeks immediately after carbon tetrachloride was first started. 

In summarizing the course of this animal the depression in 
plasma albumin appears to be the most significant effect of the 
carbon tetrachloride administration. 

Table II shows the reaction of Dog 35-48 to carbon tetrachloride 
by mouth for an 8 months period. After administration of the 
drug for 3% months the total plasma protein began a gradual 
decline, and for a period of 4 months thereafter it remained below 
6 gm. per cent. Its lowest point, 5.04 gm. per cent, was reached 
after large amounts, 200 to 525 cc. per week of carbon tetra- 
chloride, had been given. A gradual fall over the whole period is 
noted in the albumin/globulin ratio due primarily to decrease in 
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albumin but accompanied by a slight increase in globulin. The 

red cell percentage showed a tendency to fall during the periods 

when the total plasma protein was brought to its lowest levels. 
Dog Receiving Gum Acacia Alone: Chart 1 shows the reaction 
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Chart 1. Repeated injections of gum acacia solution. 


of a normal dog (32-8) to repeated injections of acacia alone. 
This dog received a total of 235 gm. of acacia, about 15 gm. per 
kilo, over a period of 36 days. The plasma protein was gradually 
reduced to 2.5 gm. per cent and the fibrinogen to 60 mg. per cent. 
The reaction of this animal is similar to that of other animals that 
have been studied under the same circumstances. 


¥ 
g 
* 5 
‘ 
alg: ‘ \ 
é ¢ \ 
200 
4 
4 
age: 
ine. 


BLOOD PLASMA PROTEINS AND LIVER INJURY 543 


Dogs Receiving Carbon Tetrachloride and Gum Acacia: Dog 
36-189 (Chart 2) received 122 gm. of acacia, a total of 11 gm. per 
kilo, and 355 cc. of carbon tetrachloride in doses varying from 
less than 1 to 4.5 cc. per kilo over a period of 38 days. The animal 
showed a definite fall in plasma protein which was depressed to 


2.3 gm. per cent. The fibrinogen showed marked fluctuation after 
an abrupt fall to below 50 mg. per cent. 
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Chart 2. Repeated injection of gum acacia plus carbon tetrachloride orally. 


Dog 36-187 (Chart 3) received 91 gm. of acacia, a total of 
8 gm. per kilo, and 370 cc. of carbon tetrachloride in doses varying 
from less than 1 to 4.5 cc. per kilo. In 25 days the plasma protein 
was brought down to 2.5 gm. per cent and the fibrinogen to below 
50 mg. per cent. 

Dog 35-145 (Chart 4) received 211 gm. of acacia, representing 
12 gm. per kilo, over a period of 78 days. During the first 30 days 
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when 79 gm. of acacia, or 4.6 gm. per kilo, supplemented by 350 
cc. of carbon tetrachloride in doses of 3 and 4.4 cc. per kilo were 
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Chart 3. Repeated injection of gum acacia plus carbon tetrachloride orally. 
given, the plasma protein was depressed to 3.5 gm. per cent and 


ae the fibrinogen to below 100 mg. per cent. Following this the pro- 
teins were maintained at a low level by injection of acacia alone. 
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Although close comparison of these experiments is not possible, 
it is apparent that combinations of acacia and carbon tetrachloride 
depress the plasma protein more quickly and to a greater extent 
than does the administration of acacia alone. 


CLINICAL HISTORIES 


Dog 35-35: A male shepherd mongrel, vaccinated against dis- 
temper. The dog was put under observation on Nov. 4, 1935, and 
Fib. Prot. 
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Chart 4. Carbon tetrachloride orally and repeated injection of gum acacia. 


on December 4th oral administration of carbon tetrachloride was 
started, and varying doses of the drug were given for a period of 
almost a year, until Nov. 11, 1936. 

On April 20, 1936, a biopsy of the liver was taken. The liver at 
operation had a pale yellowish brown color and a very finely 
granular surface. No gross diagnosis of cirrhosis could be made. 
Microscopically, however, there was a slight increase in periportal 
connective tissue, and in some areas, especially near the surface, 
there was slight distortion of lobulation, the lobules appearing 
small and irregular. Liver cells about portal areas showed marked 
fatty changes, containing huge fat vacuoles. About the central 
areas the liver cells appeared granular but intact and rather pale. 


4 
4 
/ cia CCl, 
40 80 


546 ERICKSON, HECKEL, KNUTTI 


They contained numerous tiny fat droplets. There was no evi- 
dence of necrosis. 

Biopsy Diagnosis: Fatty liver with early cirrhosis. 

Over the entire period the weight remained fairly constant. 
There was almost constant bilirubinemia which was more marked 
following larger doses of carbon tetrachloride. No attempt was 
made to control the diet as to protein content. On Dec. 8, 1936, 4 
weeks after the last administration of carbon tetrachloride, another 
biopsy of the liver was taken. Following this operation the animal 
did well for 3 days. On the morning of the 5th day it was found 
dead in its cage. The biopsy section and the postmortem appear- 
ance of the liver had essentially the same microscopic appearance. 

Autopsy *: The spleen was enlarged, red and tense and on sec- 
tion showed a deep red, rather shiny cut surface. 

The liver was large and rather firm. The surface had a finely 
granular appearance with occasional areas where there was the sug- 
gestion of a lobulated pigskin appearance. On section lobulation 
was prominent and in some places appeared distorted. The portal 
areas appeared as pale, slightly depressed, moderately wide, irregu- 
lar gray bands surrounding reddish brown and slightly elevated, 
small central areas. In gross the liver showed an early cirrhosis. 

Microscopic Examination: The liver (Fig. 1) shows moderate 
increase in portal connective tissue, most of which is delicate. 
Scattered between fibrous strands are large phagocytic cells 
which contain yellow granular pigment and large clear vacuoles. 
There are occasional small islands of liver cells surrounded by 
connective tissue and in such areas normal architecture is dis- 
torted. Also included between connective tissue fibers are occa- 
sional, apparently isolated liver cells. Most of the central areas 
show slight atrophy and numerous small fatty droplets in the 
liver cells. 

Anatomical Diagnoses: Early cirrhosis of liver; congestion of 
spleen. 


Dog 35-48: A young mongrel weighing 16.2 kg. vaccinated 
against distemper. On Dec. 4, 1935, oral carbon tetrachloride 
administration was started and this was continued until Nov. 21, 

* Routine complete autopsy was done on all animals. Only those organs show- 


ing pathological changes are described. All of the viscera, the lymphatic and vascu- 
lar systems and the bone marrow were examined both grossly and microscopically. 
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1936 in varying amounts. The dosages employed in this animal 
were, as can be seen by Table II, considerably smaller than those 
given the previous dog. At intervals when relatively small doses 
of carbon tetrachloride were given there was no bilirubinemia, but 
for the most part there was a moderate degree. During the first 4 
months there was a gradual increase in weight of 3 to 4 kg., but 
from this point to the end of the experiment the weight gradually 
diminished to about the original level. No attempt was made to 
control the diet as to protein intake. 

A biopsy of the liver was taken on June 1, 1936. Except for 
pallor, the liver at the time of biopsy appeared grossly normal. 
Microscopically there was very slight increase in portal connective 
tissue. Small foci of chronic inflammatory cells were scattered 
about in portal areas. Liver cells about portal areas contained 
occasional small fat droplets. Cells in central areas appeared rela- 
tively unaltered. 

Biopsy Diagnosis: Slight fatty change of liver with slight in- 
crease in periportal connective tissue. 

On Nov. 21, 1936, carbon tetrachloride was discontinued. At 
this time the animal was in apparently good condition. The dog 
died following an operation in December, 1937, more than a year 
later. At autopsy the liver appear grossly and microscopically 
normal and no other pertinent abnormalities were noted. 


Dog 36-187: An old mongrel hound weighing 11.5 kg. Oral 
carbon tetrachloride administration was started on Sept. 18, 1936. 
This was continued for 6 months until the start of the present 
experiments on March 14, 1937, when in addition to oral doses of 
carbon tetrachloride, the animal was given frequent injections of 
6 per cent gum acacia solution (Chart 3). It was given a diet 
consisting of 200 gm. of cooked meat. There was slight to mod- 
erate bilirubinemia present at all times when the plasma was 
examined. The animal lost about a pound in weight throughout 
this latter period. It was found dead in the cage April 10, 1937, 
and an autopsy was performed. The last 3 days prior to death 
bleeding from needle puncture wounds in the neck following blood 
withdrawal had been difficult to stop; it was sometimes necessary 
to apply pressure for as long as 20 to 30 minutes before bleeding 
was controlled. 
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Autopsy: There was no edema or jaundice. The peritoneal 
cavity was filled with blood-tinged fluid and no clots were present. 
The spleen was enlarged and tense. There were numerous raised 
nodules (from 1 to 3 mm. in diameter) bulging above the surface. 
There was a laceration in the capsule over one of these nodules. 
The cut surface of the spleen was of a dark purplish red color. 
The nodules were not sharply demarcated from the rest of the 
parenchyma but seemed to have a slightly darker color. 

The liver had a uniformly dull yellowish brown color with an 
irregular fine nodular and granular surface. Definite nodules were 
especially notable along the rounded margins. The organ cut with 
definite resistance. The cut section showed irregular lobulation 
with peripheral lobular areas which in many places were wide and 
quite conspicuous, having a pale waxy gray cast. In some regions 
coalescence of these foci produced a nodular appearance. 

Microscopic Examination: In the spleen malpighian corpuscles 
are scanty and inconspicuous. The pulp is extremely cellular, 
being stuffed with hematopoietic elements. In the leukocyte series, 
myelocytes predominate, numerous mitotic figures being present 
in them. Many nucleated red cells in all stages of development 
are present and also mature and immature megakaryocytes. 
There are heavy hemosiderin deposits throughout the pulp. Such 
an appearance is not infrequently encountered in old dogs. Many 
large, clear, finely vacuolated phagocytic cells (gum acacia) are 
also scattered about which do not contain pigment. These vacu- 
oles do not stain for fat. 

The liver (Fig. 2) shows no appreciable increase in portal con- 
nective tissue. There is marked contrast between central and 
periportal regions. In the central areas the liver cells are large 
and clear with deeply staining compressed nuclei. Some of these 
cells have a granular appearance due to numerous small clear 
vacuoles in the cytoplasm. Some smaller clear cells with small 
nuclei are present. Fat stains show the cells which appear most 
transparent to be filled with solid masses of fat. The granular 
cells show occasional fat droplets but for the most part are rela- 
tively free of fat. About the portal areas liver cells appear to be 
flattened and elongated and they are slightly larger than normal 
liver cells. They contain numerous small clear vacuoles, scattered 
uniformly throughout the cytoplasm. These do not stain for fat 
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and are thought to be gum acacia. Most of the Kupffer cells are 
thin and spindle shaped; a few of them, however, show an in- 
creased amount of clear granular cytoplasm. 

The kidneys show slight thickening of all glomerular capsules. 
There are scattered small foci of lymphocytes in the cortex. A few 
interstitial phagocytes have small fat vacuoles in the cytoplasm. 
Very infrequent small fat droplets are noted in epithelial cells of 
the collecting tubules. One glomerular tuft in two sections studied 
shows vacuolization of endothelial cells composing about half of 
the tuft. These cells are large and pale. The bone marrow shows 
essentially normal marrow elements. Infrequent large cells show- 
ing the characteristic vacuolization associated with gum acacia 
are present. 

Anatomical Diagnoses: Rupture of spleen; hemoperitoneum; 
infiltration of acacia in liver cells; fatty degeneration of liver cells 
in central areas; slight deposition of acacia in spleen; extramedul- 
lary hematopoiesis, spleen; fatty degeneration of renal collecting 
tubules. 


Dog 32-8: The detailed clinical history of this animal has ap- 
peared in a previous publication.* In brief, it was a normal dog 
which had received frequent injections of gum acacia solution over 
a period of a month. At autopsy (following gas anesthesia) the 
liver showed marked infiltration of acacia into the liver cells. 
There was slight infiltration of acacia into the splenic reticulum. 


Dog 36-189: A-young female mongrel weighing 12 kg. Small 
doses of carbon tetrachloride were started on Sept. 18, 1936, and 
continued until Dec. 18, 1936. The dog was not used further until 
April 12, 1937, when intravenous injections of 12 per cent gum 
acacia solution and oral doses of carbon tetrachloride were started 
(Chart 2). The experiment was terminated by gas anesthesia on 
May 21, 1937. Bilirubinemia was present to a moderate degree 
throughout and the dog lost 2 kg. of weight during the period. It 
had received a daily diet of 200 gm. of cooked meat. 

Autopsy: There was no edema or jaundice. No immediate clots 
formed from blood released in the cavities during the autopsy, but 
after several hours a few small pale red clots formed. The spleen 
weighed go gm. and was of rubbery consistence. On the surface 
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of the organ were large, grayish purple, slightly raised nodulations 
measuring from 1 to 3 cm. in diameter, which on cut section showed 
no definite demarcation from the grayish red surface elsewhere 
but which gradually blended off into a paler gray color near the 
surface. There was some tarry material in the colon. 

The liver weighed 435 gm. The surface of the organ was slightly 
granular. The margins showed some irregular larger nodules. It 
was firmer than normal. Cut sections were dark red with dis- 
tinct and slightly irregular lobulations. The central areas were a 
distinct deep red. The peripheral zones were pale and sharply 
demarcated. Retroperitoneal and mesenteric lymph nodes were 
moderately enlarged. 

Microscopic Examination: There are a few small foci in the 
lungs where the alveolar walls and perivascular fibrous tissue 
contain occasional large clear cells. Infrequent large clear foamy 
cells lie free in alveoli. 

The spleen shows marked changes. The malpighian bodies are 
large and stain deeply as contrasted with the pale pulp. In the 
center of the malpighian bodies are pale cells which contain 
mitotic figures. Cells lining sinusoids are swollen and have clear 
cytoplasm with small compressed pyknotic nuclei. Many large 
cells scattered throughout the pulp have a clear vacuolated appear- 
ance. These vacuoles do not stain for fat. Occasional groups of 
large clear cells are noted between dense connective tissue fibers 
in the capsule. 

The liver shows no appreciable increase in portal connective 
tissue. The contrast between central and portal regions is marked. 
In the central areas are characteristic pale vacuolated liver cells 
with compressed nuclei. Fat stains show moderate sized fat drop- 
lets in some of these cells but many vacuoles do not stain for fat. 
Polygonal cells surrounding the portal areas show numerous small 
pale vacuoles (gum acacia), but the cytoplasm of these cells does 
not on the whole have an appreciable degree of pallor. Kupffer 
cells in portal areas appear compressed, but are otherwise un- 
involved. In central areas occasional flat Kupffer cells are 
noted. 

The kidneys show vacuolization and swelling of epithelial cells 
lining many of the loops of Henle. In the interstices of these 
tubules are many large pale vacuolated cells. Many epithelial 
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cells lining collecting tubules show the same appearance. Fat 
stains show the vacuoles to be composed of fatty droplets. The 
glomeruli are essentially negative. In the bladder there are occa- 
sional groups of pale vacuolated cells in the submucosa between 
fibrous tissue bundles. In one large lymph node the interstitial 
tissue and peripheral and medullary sinuses are stuffed with char- 
acteristic large foamy cells. Germinal centers are distinct. Sec- 
tions of other nodes show fewer clear cells. The bone marrow is 
not remarkable, save for very infrequent large foamy cells. 

Anatomical Diagnoses: Infiltration of acacia into liver cells 
and reticular cells of spleen; moderate fatty degeneration of liver 
cells in central areas; fatty degeneration of epithelium of renal 
collecting tubules and loops of Henle; phagocytic cells containing 
acacia in spleen, lungs, submucosa of urinary bladder and lymph 
nodes; lymphatic hyperplasia of spleen. 


Dog 35-145: A mongrel hound weighing 20 kg., vaccinated 
against distemper. On Aug. 26, 1936, oral administration of car- 
bon tetrachloride was started and continued until Nov. 11, 1936. 
Nothing more was done to the animal until March 14, 1937, when 
carbon tetrachloride administration was resumed. During this 
interval, which ended on June 8, 1937, the dog lost 2 kg. in weight. 
On June 8 administration of 12 per cent acacia was started and 
was continued until the death of the animal on Aug. 16, 1937. 
Chart 4 shows the plasma protein picture during this interval. 
There was bilirubinemia throughout and there was a period of 
about a month from June 15 to July 13 when part of the diet was 
refused. The diet consisted of 300 gm. of cooked meat daily. 
After this period, however, the clinical condition was excellent 
until the day before death, when a short time after administration 
of a small dose (5 cc.) of carbon tetrachloride the dog had a con- 
vulsion. It was listless the remainder of that day and was found 
dead in the cage the following morning. 

Autopsy: There was slight icterus of the sclerae and subcutane- 
ous tissues. 30 to 40 cc. of bloody fluid were present in the 
peritoneal cavity. The heart showed two large areas of subendo- 
cardial hemorrhage in the left ventricular wall. The lungs showed 
moderate congestion and edema. The spleen was soft and mushy. 
The pulp scraped away readily. The lower part of the colon and 
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the rectum contained blood stained feces. No gross ulceration 
was noted. 

The liver weighed 610 gm. It was deep red in color with mul- 
tiple yellowish projections from the surface, 1 to 5 mm. in diam- 
eter. These were slightly firmer than the surrounding tissue which 
was quite soft. The cut surface showed a granular appearance. 
The lobules were prominent. Yellowish nodules similar to those 
seen on the surface were scattered throughout the parenchyma. 
There seemed to be considerable autolysis. 

Microscopic Examination: The spleen shows marked autolysis 
but some mononuclear cells with typical foamy appearance are 
present in the sinusoids. The pancreas shows marked autolysis 
and some hemorrhage into the peripancreatic fat. The liver shows 
marked autolysis. In the shadowy structure, however, islands 
which have the general configuration of lobules are seen sur- 
rounded by wide striated bands which seem to have been connec- 
tive tissue. Occasional islands of liver cells show considerably less 
autolysis and in the polygonal cells in these areas are seen numer- 
ous characteristic small clear vacuoles resembling those associated 
with acacia in other animals. The kidneys show marked autolysis 
but the epithelium of some of the loops of Henle contains large and 
small clear vacuoles which stain for fat. 

Anatomical Diagnoses: Moderate cirrhosis of liver with infiltra- 
tion of acacia in liver cells; bloody fluid in peritoneal cavity; blood 
in feces; hemorrhages beneath the epicardium and about the pan- 
creas; fatty degeneration of renal epithelium (loops of Henle). 


DISCUSSION 


The clinical condition of dogs receiving gum acacia solution is 
worthy of note, for these animals whether they receive gum acacia 
alone, or combined with carbon tetrachloride, show remarkably 
little change in their general appearance and activity. In spite of 
reduction of plasma protein concentration well below the edema 
level they had no edema. They were active and for the most part 
consumed their diets with avidity, although most of them showed 
a slight loss in weight. One outstanding feature should be stressed. 
When samples of blood were taken by jugular puncture in later 
periods there was frequently prolonged bleeding from the needle 
wound for as long as 30 minutes. This is ascribed to the low 
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fibrinogen concentration, but the possibility that it might also be 
related to a diminution of prothrombin associated with the liver 
injury must also be considered. Smith, Warner and Brinkhous ° 
have recently described such a state in dogs whose livers were 
injured with chloroform. 

The 2 dogs receiving carbon tetrachloride alone showed an in- 
crease in portal connective tissue with well marked fatty change 
of hepatic cells. These dogs showed slight decrease in plasma pro- 
tein concentration which appeared to be due chiefly to loss of 
albumin. These findings agree with those of Bollman * and they 
certainly appear to be associated with liver injury. 

There is some evidence brought out by different types of hepatic 
damage indicating a separate production of the different compo- 
nents (albumin, globulin, fibrinogen) of plasma protein. Dogs 
receiving gum acacia over a long period of time have shown more 
marked diminution of globulin than of albumin.* This cannot be 
explained by loss of fibrinogen, which is included in the determina- 
tion of the globulin, and which amounts to but a small fraction of 
the total decrease. On the other hand, dogs with livers injured by 
carbon tetrachloride, or Eck fistula dogs which have received no 
acacia { exhibit low albumin content. Fibrinogen is of interest in 
this regard because it is the most labile of the plasma proteins in 
response to hepatic injury. It is the first to show a decrease follow- 
ing liver damage. The limits of its fluctuation are much wider 
than those of the other proteins. Thus it would seem that wherever 
the site of plasma protein production is (and evidence indicates 
that this occurs largely in the liver) there may be a separate 
specialized intrahepatic mechanism for the elaboration of each of 
these basic components of the plasma proteins. 

Of the 3 animals that received carbon tetrachloride and gum 
acacia, only 1 (35-145) showed evidence of increased portal con- 
nective tissue at autopsy. All of these animals had received carbon 
tetrachloride over periods of several months previous to the start 
of the present experiments, and 2 of them (36-187, 35-145), had 
been given this substance for several months immediately preced- 
ing the beginning of injections with acacia. The changes of the 
plasma proteins in the individual animals are so similar it would 


* Personal communication. 
Unpublished data. 
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seem that the presence of fibrosis in the liver did not modify the 
reaction of this particular animal to the procedure. In this group 
of dogs changes in plasma protein and fibrinogen concentration 
are somewhat more marked than in dogs receiving acacia alone, 
and although one cannot rule out completely the possibility that 
splenic involvement might modify to some extent the plasma 
protein picture, changes in fibrinogen, which under these conditions 
are marked, probably cannot be ascribed to anything but hepatic 
injury, inasmuch as the liver ‘ is thought to be the sole source of 
fibrinogen. 

Dogs receiving gum acacia injections, whether combined with 
carbon tetrachloride or not, have always shown characteristic fine 
vacuolization of liver cells. Such vacuoles have been noted whether 
the animals have received a few injections of acacia or consider- 
able amounts of the gum over relatively long periods of time.* * 
These vacuoles do not stain for fat or glycogen, and although they 
cannot be identified as acacia by a specific stain, their presence is 
so constant that there can be little doubt that they represent some 
form of this material. Acacia has been demonstrated chemically 
in such livers by Andersch and Gibson,* and by us. In studies to 
date dogs that have received gum acacia have shown more marked 
changes in the liver than in any other organ, although there has 
been slight infiltration of acacia into the splenic pulp. In the 
animals that have received carbon tetrachloride in addition to gum 
acacia, the spleen and occasional lymph nodes have shown the 
characteristic intracellular droplets to a greater degree than have 
dogs receiving acacia alone. These findings have not been con- 
stant, however, and the livers of such animals have also shown 
the most marked changes. More evidence, therefore, is brought 
to light that the liver is intimately associated with the production 
of the plasma proteins. 


SUMMARY AND CONCLUSIONS 


By frequent oral administration of carbon tetrachloride to dogs 
it has been possible to produce moderate cirrhotic changes in the 
liver. In such animals the plasma protein concentration falls 
slightly, and this decrease appears to be due largely to loss of 
albumin. 

The continued administration of gum acacia, combined with 
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carbon tetrachloride orally, results in deposition of what appears 
to be acacia in liver cells, as is the case with administration of gum 
acacia alone. Other sites of acacia deposit in dogs receiving carbon 
tetrachloride and acacia appear to be in the sinusoidal lining cells 
of the spleen, and in large mononuclear phagocytic cells which 
have been found in sparse numbers in the lungs, spleen, lymph 
nodes and bone marrow. 

Clinically these animals remain in remarkably good condition 
and although their plasma protein concentration may be well be- 
low the edema level, there has been no evidence of edema. Bleed- 
ing time of such dogs is prolonged, and this is thought to be 
associated with low fibrinogen concentration, although the pos- 
sibility of scanty prothrombin supply must also be considered. 

Diminution of plasma protein concentration is somewhat more 
marked in animals receiving carbon tetrachloride and gum acacia 
than in those receiving either of these substances alone. This is 
particularly true of the changes in fibrinogen concentration. 

The reactions of albumin, globulin and fibrinogen associated 
with various types of liver injury indicate that these substances 
may be produced independently of each other and that the liver 
is concerned with this production. 
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DESCRIPTION OF PLATE 


PLATE 134 


Fic. 1. Microphotograph of a section of liver from a dog (35-35, Table I) 
that had received carbon tetrachloride orally. Increase in portal connec- 
tive tissue, irregularity of lobulation, and fatty changes of liver cells 
about portal areas are shown. Hematoxylin-eosin stain. X 100. 


Fic. 2. Microphotograph of a section of liver from a dog (36-187, Chart 3) 
that had received carbon tetrachloride and gum acacia. The cells in the 
upper right corner show vacuolization associated with acacia injection. 
The cells on the left contain chiefly fat. Hematoxylin-eosin stain. X 430. 
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A COMPARATIVE MORPHOLOGICAL STUDY OF THE MAMMARY 
GLAND IN A HIGH AND A LOW TUMOR STRAIN OF MICE * 


ELIzABETH FEKETE, M.A. 
(From the Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine) 


In the Little-Murray inbred dilute brown strain of mice 80 per 
cent of the females with a normal reproductive history develop 
spontaneous carcinoma of the mammary gland. For this reason 
the strain can be considered as a high tumor line. In the C57 black 
strain of mice spontaneous mammary carcinoma appears in less 
than 1 per cent of the breeding females. This strain can, there- 
fore, be considered as a low tumor line. The tumors are detected 
when they are large enough to be palpable. At this time micro- 
scopic examination usually reveals a well established malignant 
condition. By sectioning and comparing many mammary glands 
of the two strains it was thought that it might be possible to detect 
certain early structural changes and differences which might be 
considered as steps leading to abnormality. It is the purpose of 
this paper to describe the results of such an investigation. 

The structure of the mammary gland of normal mice has been 
studied by several investigators. Among the more recent reports 
those of Turner and Gomez,’ and Cole are the most compre- 
hensive. 

Gibson * made a comparative study of the life history of the 
mammary glands of two strains of albino mice, one of which was 
a high, the other a low tumor strain. In the high tumor line she 
noted different anomalies in the nipple development, neoplasms 
developing in zones of chronic cystic mastitis, and the fact that 
the epithelial elements of the gland of the high tumor strain were 
inclined to metaplasia rather than to atrophy as age advances. 
Gardner and Strong* studied the mammary glands of virgin 
females in ten strains of mice differing in susceptibility to spon- 
taneous neoplasms. They found no structural factor in the de- 
velopment of the mammary gland associated with the intrinsic 
hereditary predisposition to mammary carcinoma in mice. 

The present investigation started with the examination of 1 
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week old animals, continued at weekly intervals until the 4th week, 
and at biweekly intervals until the first pregnancy — about 6 to 8 
weeks. From this time on the physiological condition of the mam- 
mary gland was taken as a basis for comparison rather than the 
chronological age of the animals, because it is important to know 
the condition of the females in regard to their reproductive phase 
at the time the mammary glands of two animals are compared. 
Without this knowledge the examination would lead to erroneous 
interpretation. 

Pregnancy was timed from the appearance of the vaginal plug. 
As a routine the animals were separated from the breeding pen to 
individual pens at the later stages of their pregnancy. They were 
kept there until the young mice were weaned — 3 to 4 weeks after 
birth. The date of weaning depends somewhat on the size of the 
litter and general condition of the offspring. On the average a 
breeding female has a litter every 2 months. 

Technical Procedure: The animals were killed by ether. The 
skin was cut open on the mid-dorsal line and carefully removed, 
with the subcutaneous fat pads in normal position. The skin was 
spread and pinned out on a layer of paraffin hardened on the bot- 
tom of a glass dish and flooded with the fixing fluid. A mixture of 
formaldehyde (10 cc.), 70 per cent alcohol (100 cc.) and acetic 
acid (5 cc.) was used for fixation. All the glands were carefully 
studied under a dissecting microscope. All the glands with the 
nipples from the right side were cut away from the skin surface, 
dehydrated, cleared and embedded in paraffin. In the earlier 
stages serial sections were cut at right angles to the skin surface. 
In the later stages the sections were cut parallel with the skin 
surface. This way many sections of full surface of the glands were 
available for examination. Hematoxylin and eosin stains were 
used. 

Mice have 5 nipples on each side — 3 in the thoracic and 2 in 
the abdomino-inguinal region. Each nipple with its ducts, col- 
laterals and terminal branches is a separate unit and is not in 
communication with the others. Throughout this work the glands 
will be designated with numbers from 1 to § starting with the one 
most cephalad. 

It was observed that a difference exists between the extension 
of the fully developed glands of the dilute brown and black ani- 
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mals. The distance between the thoracic and inguinal glands in 
the dilute brown mice is greater than in the black mice. Text- 
figure 1 is an actual copy of the outlines of the glands of the two 
strains. While this greater distance was found to be constant in 
the dilute brown mice, in a few cases the extension of the gland in 
the black mice was similar to that in the dilute browns. 


C57 Black Dilute Brown 
Cephalic end 


- 3 3- 
Mud 
ventral 
Caudal end 


Text-Fic. 1. Diagram of the skins of the inner surface in the two strains of 
mice showing the position of the mammary glands. The drawing was 
made by tracing the outlines as they appeared on carefully skinned speci- 
mens. The position of the nipples is shown by numbered dots. The 
intermittent lines show the outlines of the 2nd glands which are over- 
lapped by the 3rd glands. The shaded circles mark the position of the 
legs. 


Observations: The nipples of the 1 week old mice can be located 
under a dissecting microscope. From each nipple one duct leads 
to the subcutaneous fat pad where it branches into a few secondary 
ducts. The subcutaneous fat pads are divided into lobes and 
lobules, and have a good blood supply. The main duct of the 1st 
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nipple grows cephalad, those of the 2nd, 3rd and 4th nipples grow 
dorsolaterally, and the main duct of the 5th nipple grows caudad. 
The primary duct of the 5th nipple has a longer, straight un- 
branched portion than any of the others. 

Microscopically it is shown that at the site of the nipple the 
epithelium is thickened and the stratum granulosum and germi- 
nativum form a bell shaped epithelial cone which projects down 
into the subcutaneous tissue. In the middle of this the primary 
duct penetrates at a right angle to the skin surface, turning parallel 
with the skin surface as soon as it reaches the subcutaneous tissue. 
The lining of this duct is very compact and consists of low 
cuboidal epithelial cells. The epithelial cells of the secondary 
ducts are somewhat taller than those in the main duct. A fibrous 
envelope surrounding the ducts becomes gradually thinner toward 
the end distal to the nipple. 

When the animals are 2 weeks old the skin at the site of the 
nipples is more elevated. The sections show that the bell shaped 
epithelial cone projects somewhat deeper and is surrounded by a 
sulcus. The ducts are longer and have more collateral branches. 

At 3 weeks it is more difficult to detect the area of the nipples 
because the hair is growing rapidly and covers them. Microscopic- 
ally sections show that the sulcus surrounding the nipples is deeper, 
and circular epithelial folds are beginning to form around the 
nipple. The ducts are considerably longer and have more side 
branches. 

When the glands are fully developed the 2nd and 3rd glands 
overlap each other and are separated by a thin layer of muscle — 
the panniculus carnosus. The duct system of the 3rd gland has to 
penetrate through this muscle layer. This probably is the explana- 
tion of the fact that ducts of the 3rd nipple are somewhat slower 
than the others in development. 

At 4 weeks the nipples are elevated above the skin surface and 
the circular folds are visible. The circular folds give the elasticity 
to the nipple which can be considerably stretched out by the young 
mice at the time of nursing. The development of the duct sys- 
tem has progressed further and produced more side branches. 

The development progresses steadily up to the age of 6 weeks. 
This completes the prepubertal period which is characterized by 
regular progressive growth. 
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Between the ages of 6 and 8 weeks female mice reach sexual 
maturity. The changes that take place in the gland after that time 
are under the influence of the periodic sexual cycles of the animal. 
At the time of the first ovulation an acceleration of growth occurs 
and the ducts develop many side branches. The distal ends of 
some of the side branches terminate in bulb-like enlargements. 
Microscopically the end bulbs show that they are lined by many 
layers of cuboidal epithelial cells. Mitotic figures are numerous 
and signify rapid growth. The stroma around the end bulbs shows 
slightly increased fibrosis (Fig. 1). 

A slight increase in the growth rate and dilatation of the ducts 
is noticeable every time the animal approaches estrus and is fol- 
lowed by a slight regression. If ovulation is followed by fertiliza- 
tion and pregnancy, development progresses rapidly. The ducts 
increase in length and many side branches are formed. The sub- 
cutaneous fat pads seem to limit the growth of the gland system 
and the original lobes and lobules of this adipose tissue form the 
framework of the fully developed gland. If fertilization does not 
occur there is a slight regression. 

In order to be able to observe the possible individual variations 
within the normal, more than one animal of each of these stages 
was studied. The glands of 11 dilute brown and 11 C57 black 
mice were sectioned and examined up to this stage and showed no 
significant morphological difference. 

First Pregnancy: During pregnancy the epithelial elements of 
the glands gradually enlarge by cell division. An increase in the 
number of mitotic figures is definitely noticeable at the 4th to 5th 
days of pregnancy and reaches its peak at about the 11th to 12th 
days (Fig. 2). This was ascertained by counting the mitotic 
figures in several cross sections of ducts. No great difference was 
found in the rate of growth between the dilute brown and the C57 
black mice. 

During this period many end bulbs are present at the distal ends 
of the ducts. After the first litter has been raised end bulbs do not 
occur on the glands during subsequent pregnancies. By further 
development all the bud-like endings and the terminal twigs dilate 
and unfold into alveoli. 

At 14 to 15 days of pregnancy the glandular system is well 
developed and mitotic figures are rare. Only at the distal ends 
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away from the nipple are the ducts still growing. Further develop- 
ment consists of hypertrophy and an increase in size of the indi- 
vidual epithelial cells and the enlargement of the lumens. The 
ducts end in terminal alveoli which at this stage begin to show 
secretory activity. This activity starts first in the alveoli proximal 
to the nipple and progresses gradually distally. First small drop- 
lets, later larger vacuoles appear in the cytoplasm. The nucleus is 
pushed to the periphery away from the lumen. At 17 to 19 days 
secretory activity is generally well established throughout (Fig. 3). 
Parallel with the glandular elements there is an intensive develop- 
ment of blood vessels. The developing ducts follow the course of 
these vessels and capillaries are seen to be in intimate contact with 
the secreting epithelial cells. The developing glandular system 
occupies more and more space and the adipose tissue of the fat 
pads is rapidly diminishing. 

The glands of 7 dilute brown and 6 black mice were included in 
this group. The sections were cut parallel with the skin surface, 
making the whole extent of the glands available for examination. 
All the mice were between the age of 2 and 314 months old. 

No structural difference was found between the two strains of 
mice. 

From these observations it is evident that the changes taking 
place in the mammary gland during pregnancy can be divided into 
two periods. During the first period, which lasts until the 13th to 
14th day of pregnancy, there is an acceleration in mitotic ac- 
tivity which results in a numerical increase of the epithelial cells 
of the glands. During the second period the epithelial cells 
increase in size and begin to secrete. The development of the 
mammary gland during the first part of pregnancy is under the 
hormonal influence of the ovaries, while during the second part 
the anterior pituitary hormone stimulates the gland to functional 
activity. 

The experimental work which supports this knowledge was well 
reviewed by Nelson and Pfiffner.° These authors supplied further 
evidence by injecting lutein extract into immature female rats and 
observed marked development of the mammary gland. When a 
series of estrin injections was followed by a number of lutein treat- 
ments before the hypophyseal extract was employed in castrated 
or immature females, the glands enlarged and milk was secreted. 
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Riddle, Bates and Dykshorn ° were able to extract this secretion- 
stimulating hormone from the anterior pituitaries of beef and 
named it prolactin. Allen, Gardner and Diddle * were able to in- 
duce lactation in ovariectomized monkeys by injecting theelin fol- 
lowed by galactin or prolactin. 

First Lactation: The young mice are born on the roth to 21st 
day of gestation. The first few days after parturition all the 
glands are in full function. The alveoli are comparable to a bunch 
of grapes — they are firm, round and white. Grossly they appear 
as uniformly distributed, small white granules which surround and 
obscure the ducts. 

Microscopically sections show that the ducts near the nipple are 
dilated and contain milk. The lumens of the alveoli are large and 
contain droplets of secretion. The close contact of the epithelial 
cells with capillaries is evident and erythrocytes are seen in single 
layers within minute capillaries between the alveoli. Fibrocytes 
with flattened, deeply staining nuclei follow the course of these 
capillaries. The glandular parenchyma is in excess and adipose 
cells serve only to fill in the space left by it. As mentioned previ- 
ously, the original lobes and lobules of the fat pad supply the 
framework of the lactating gland (Fig. 4). 

The epithelial cells of the alveoli are not uniform but show all 
phases of activity. In some cells the nucleus is in the middle of the 
cell and the cytoplasm is homogeneous. In others the cytoplasm 
appears foamy and contains large protruding droplets. The 
nuclei have been pushed aside and flattened against the cell walls. 
Mitotic figures are rare although not entirely absent. 

It was noticed after the 7th day of lactation in both the C57 
black and the dilute brown animals that if the litter is small, some 
of the nipples are not suckled. The glands leading to these nipples 
differ from the nursed glands. The difference is noticeable grossly 
on the fixed skin. These glands are more yellowish in color as com- 
pared with the white, turgid suckled glands. The alveoli are 
shrunken and the enlarged ducts are plainly visible. Microscopi- 
cally it is seen that these glands have undergone a certain degree 
of regression. The amount of adipose tissue is greatly increased, 
the ducts are distended with milk and the alveoli are decreased in 
size and number. The cells of the alveoli are irregular but many 
of them are functioning. Most often it is the first pair of glands 
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that is not used (16 out of 29 unsuckled nipples), but evidently it 
might be any of the glands (Figs. 5 and 6). 

Cole * noted such regressions before weaning. In his material 
the 2nd and 3rd thoracic glands were most often neglected. 

To ascertain that such regressive changes are really due to dis- 
use, 2 of the nipples on the right side of a mouse lactating for 14 
days were closed with celloidin. The animal was killed 5 days 
later and the glands of the right and left side were compared. The 
condition of the glands leading to the closed nipples proved that 
such regression is due to disuse. This emphasizes the importance 
of killing the animal and examining the condition of all the glands. 
Taking just part of a gland under anesthesia might lead to errone- 
ous conclusions. 

Microscopically little change in the structure of the glands dur- 
ing lactation in the 12 to 17 day period is seen. The development 
of the nursing young mice depends to a certain degree on the size 
of the litter. Consequently the mammary glands of a mouse nurs- 
ing a large litter are still in full function at 3 weeks after parturi- 
tion, while the glands of one nursing a small litter begin to show 
regressive changes at that time. The mother is usually separated 
from her young between the 3rd and 4th week after parturition, 
but the glands can be kept functioning for a prolonged period if 
nursing is continued by younger mice. In the glands of 3 of the 
dilute brown and 2 of the C57 black mice small areas of acute 
mastitis were observed showing polymorphonuclear leukocytic in- 
filtration. The glands of 6 dilute brown and 6 black mice were 
included in this examination. They were between the ages of 214 
and 4% months. 

Regression after First Lactation: Regression is a reversed 
process of the changes that take place during pregnancy. Grossly 
there is a gradual decrease in the thickness of the gland. As the 
milk disappears from the alveoli the white granular appearance 
changes, the ducts become visible and the whole gland becomes 
yellowish in color. Microscopic sections show that 24 hours after 
suckling ceases, milk has accumulated in the ducts and alveoli, 
which become distended. A few epithelial cells are seen lying 
loose in the lumens. On the 2nd day of regression the distention 
of the ducts is further increased. The loosely lying epithelial cells 
undergo degeneration, the cytoplasm becomes swollen and the 
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pyknotic nucleus fragments. These cells are seen in increasing 
number as round, pink staining bodies with two or more deeply 
staining dots (Fig. 7). In some epithelial cells the swollen cyto- 
plasm forms globules which are discharged into the lumen, but 
the nucleus with a small amount of cytoplasm remains intact. As 
the process of regression advances it is evident that the alveoli are 
gradually becoming smaller. On account of this they lose their 
close contact with the capillaries. 

The lack of sufficient blood supply hastens the process of regres- 
sion. The space between the shrinking alveoli is being filled by 
adipose cells. Some of these cells seem to develop from the fibro- 
blasts which are in close proximity to the capillaries. In the 
lactating gland these cells have an elongated, deeply staining 
nucleus and very little cytoplasm. At the beginning of regression 
they begin to change. The nucleus becomes rounded and the 
amount of cytoplasm increases. Gradually fat accumulates in the 
cytoplasm and the nucleus is pushed to the periphery. During 
this change the size of the cells increases immensely in all dimen- 
sions. The increase in the amount of adipose cells is first noticeable 
interlobularly and later intralobularly. 

Four days after lactation stops the alveoli are much smaller and 
are very irregular in outline. Some of the alveoli are collapsed and 
form irregular clumps of cells. In others the cytoplasm is still 
swollen. There are a few degenerating cells which have pyknotic 
and fragmenting nuclei. The lumens of several alveoli are still 
filled with secretion but the globules have disappeared and the 
secretion is homogeneous. The main ducts proximal to the nipples 
are still somewhat enlarged. They contain a few degenerated cells 
and secretion. The amount of adipose tissue is greatly increased. 

Six days after the discontinuation of nursing most of the alveoli 
are collapsed and form irregular groups of cells. The nucleus is 
small and compact — the cytoplasm is no longer swollen. Several 
of the cells have pyknotic, a few of them fragmenting, nuclei. The 
clumps of epithelial cells are surrounded by fibrous connective 
tissue. After the first lactation period is over the amount of the 
fibrous connective tissue surrounding the parenchyma is more 
compact than before. The amount of adipose tissue increases pro- 
portionately with the regression of the parenchyma. Most of the 
adipose cells have attained full size by now, but some of them are 
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still in the process of expansion. The epithelial cells of the ter- 
minal ducts undergo the same changes during regression as the 
alveoli. The lumens of the ducts decrease greatly in size, but the 
epithelial cells lining it retain their orderly arrangement. 

On the oth to 11th days of regression the few alveoli which are 
still present consist of small, compact, circularly arranged cells 
containing deeply staining nuclei and very little cytoplasm. They 
are closely grouped around the ducts and are surrounded by fibro- 
blasts and a large amount of adipose cells. The main ducts proxi- 
mal to the nipple are still slightly dilated and contain secretion and 
a few dead cells. 

About 11 to 12 days after nursing stops regression is usually 
complete. The ducts proximal to the nipple have larger lumens 
than previous to the first lactation. Distal to the nipple the lumens 
become smaller, finally consisting only of rows of cells in the 
terminal branches. There are no alveoli. The gland can be now 
considered a “resting” gland (Fig. 8). 

The process of regression is not very uniform. Considerable 
variation exists between the glands of the same animal, depending 
on whether the nipple was suckled or not up to the time of 
weaning. 

The examination of the glands of 5 dilute brown and 4 black 
mice is included in this group. In the glands of 1 dilute brown and 
1 C57 black animal small areas of acute mastitis were found. All 
the mice were between the ages of 3 to 5’4 months. No significant 
structural differences were found between the dilute brown and 
the C57 black strains of mice. 

It was during the period of second pregnancy that some in- 
teresting abnormalities were found in the dilute brown strain. 
These will be described in more detail. 

Second Pregnancy: With the beginning of the second pregnancy 
there is again a period of rapid development of the glandular 
parenchyma. The rate of growth increases, as during the first 


pregnancy. 
At 7 days pregnancy the changes were similar in both strains to 
the development taking place during the corresponding period of 
the first pregnancy. 
At 15 days pregnancy in dilute brown No. 4540 abnormal areas 
were observed in the 3rd gland. The areas were small and were 
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not noticeable grossly or under the dissecting microscope. The 
general development of all the glands was quite uniform. Mitotic 
figures were rare; the epithelial cells of the alveoli were under- 
going hypertrophy and were beginning to secrete. In the abnormal 
areas the epithelial cells did not show hypertrophy and functional 
activity but remained small and compact and showed numerous 
mitotic figures. Some alveoli and the ducts leading to them had 
no lumens but were composed of solid cords and groups of cells. 
While most of the cells appeared to be limited by a basement 
membrane, some of them were beginning to invade the surround- 
ing tissue, become disorganized and show definite signs of carci- 
noma. At such areas the cells were slightly larger and stained 
lighter. The nucleus was less compact and the amount of cyto- 
plasm was increased. The cellular density of the surrounding 
stroma was increased (Figs. 9 and 10). 

Dilute brown mouse No. 5430 had been pregnant the second 
time for 19 days. Macroscopic abnormalities could not be ob- 
served. Microscopically uniformly developed glands which were 
composed of secreting alveoli were seen. An abnormal area was 
present on the rst cervical gland and involved a whole small 
lobule. Secreting cells were absent in this area, but mitotic figures 
were numerous among the epithelial cells as well as among the 
fibrous connective tissue cells of the stroma. The arrangement of 
the epithelial cells was not atypical and the area did not show a 
carcinomatous structure although physiologically the cells seemed 
to be out of normal control, persisting in cell multiplication, while 
in the cells of the surrounding area secretion had started (Figs. 11 
and 12). 

The changes in the glands of 1 other dilute brown and 5 C57 
black animals examined during the second pregnancy were com- 
parable with those described at the first pregnancy and showed no 
abnormalities. All the mice in this group were between the ages 
of 4 and 5 months. 

Second Lactation: Three of the dilute brown animals examined 
while suckling their second litter had normal lactating glands. 
One dilute brown which was lactating 7 days (No. 5636) showed 
an area of chronic mastitis on the distal part of the 4th gland. 
The ducts were densely infiltrated with polymorphonuclear leuko- 
cytes. The surrounding area showed lymphocytic infiltration. 
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Some of the alveoli were obliterated and the stroma showed 
fibrosis. Three of the C57 black animals had normal lactating 
glands. 

In 1 of the black animals which was lactating 6 days (No. 
10526) the rst nipple was filled with cellular débris which evi- 
dently caused obstruction. The primary duct leading to this nipple 
was greatly distended while the rest of the gland structure showed 
regression due to disuse. 

It was observed in both strains during this period, as in the 
period of first lactation, that the glands that were not suckled were 
undergoing regression. Again the 1st nipple and gland structure 
leading to it were most often subject to disuse. 

All 4 dilute brown and 4 black mice examined while lactating 
their second litter were between the ages of 4 and 6 months. 

Regression and Resting after Second Lactation: Dilute brown 
No. 5432 was killed 3 days after her young were weaned. The 
glands showed much irregularity. Evidently several of the glands 
stopped functioning considerably sooner. The 2nd gland was the 
one least regressed. This gland was similar in every respect to 
that showing the early regressive changes described before. A 
small abnormal area was observed on the sth gland. It consisted 
of a very small lobule in which the alveoli did not show any regres- 
sion but contained numerous mitotic figures. Although the epi- 
thelial cells did not show secretory activity the lumens contained 
dense, deeply staining secretion. The area was not malignant but 
was definitely different from the areas which can be considered 
“normal” at this stage. The glands of 3 other dilute brown ani- 
mals were examined in a resting state. One of them (No. 3214) 
showed an area of acute mastitis in the 5th gland. All of them 
showed a few small groups of alveoli which persisted through the 
regressing period. 

The glands of 3 C57 black animals were examined and showed 
uniform normal regression. All the animals examined during this 
period were between the ages of 6 and 8 months. 

Third Pregnancy: Dilute brown No. 6481 which was pregnant 
for 7 days showed the usual increased mitotic activity and rapid 
development of alveoli. There were a few small lobules which in 
contrast with this consisted of fully developed alveoli, the epi- 
thelial cells of which showed functional activity. One of these 
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lobules which was found on the rst gland contained a few alveoli 
in which the epithelial cells had undergone metaplasia, changed 
into stratified squamous cells and filled the lumens with cornified 
cell débris (Fig. 13). The stroma surrounding this area showed 
fibrosis and some lymphocytic infiltration. It is probable that 
these functioning areas persisted since the previous lactation. Two 
small areas of acute mastitis with dense polymorphonuclear leuko- 
cytic infiltration were also observed on this gland. Dilute brown 
No. 10807 which was pregnant for 9 days had a large abscess sur- 
rounded by a fibrous capsule on the 3rd thoracic gland. A small 
area showing metaplasia and cornification of epithelial cells was 
found on the sth gland. In the fibrous stroma which enclosed this 
area polymorphonuclear leukocytes and lymphocytes were ob- 
served. The rest of the glands showed the usual rapid develop- 
ment, which is characteristic at this stage of pregnancy. Two 
more dilute brown females pregnant for 15 and 19 days respec- 
tively showed normal gland structures. 

The 3 C57 black animals examined during their third pregnancy 
did not show any structural abnormality. All these mice were be- 
tween the age of 7 and 9% months. 

Third Lactation: Dilute brown No. 92675 had been nursing for 
7 days. As there were only 2 young in the litter, all the glands 
were not suckled and showed irregular regression. In the rst, 3rd 
and the 5th nipple the primary duct was greatly dilated and was 
full of milk. The amount of adipose tissue was increased. The 
alveoli showed much variation in size and activity but most of 
them were in the process of regression. Several small areas 
showed chronic mastitis with fibrosis and lymphocytic infiltration. 
The 2nd and the 5th glands were lactating normally. Another 
(dilute brown No. 2816) was also suckling 2 young mice only 
and showed regression, due to disuse in several glands. Similar 
irregularities and abnormalities that were described in the glands 
of the previous mouse were found in this gland too. In a 3rd 
(dilute brown No. 97374) the 1st nipple was infested with mites. 
They evidently penetrated to a short distance into the lumen of 
the nipple and were sectioned lying within the lumen. The epi- 
thelial lining showed signs of irritation — increased amount of 
keratinization and lymphocytic infiltration. 

One of the C57 black animals examined at this stage had fully 
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functioning normal glands. Three others showed 1 or more glands 
in the process of regression. In these regressing glands the ducts 
proximal to the nipple were distended, the amount of adipose tis- 
sue was increased and the alveolar epithelium showed irregulari- 
ties. In 1 mouse (No. 14403) a small area of acute mastitis was 
noted. All these animals were between the ages of 8 and 11% 
months. 

Resting after Third Lactation: All the glands of the dilute brown 
and black animals examined in this group completed their regres- 
sion and were in a resting stage. In all of them the adipose tissue 
was greatly increased and the epithelial elements were at their 
minimum. Three dilute brown animals showed a few scattered 
groups of alveoli in several of their glands where the secretory 
activity persisted. Such areas were surrounded by normal adipose 
cells. 

Dilute brown No. 4353 had a tumor on the 3rd gland which 
although small was large enough to be palpable. Microscopic 
examination showed an adenocarcinoma with hemorrhagic cysts 
and some necrosis. The adenoid structure consisted of small 
alveoli and had some resemblance to the glandular structure of a 
gland at the first half of pregnancy. The glands of this animal also 
contained several small areas where groups of alveoli persisted 
without completing their regression. 

Two C57 black mice showed normal resting gland structure. 
All mice in this group were between the ages of 7 and 8 months. 

Fourth Pregnancy: Dilute brown No. 4127 had been pregnant 
for 7 days when killed. A microscopic abnormal area was found 
on the 2nd gland. It consisted of an increased amount of epithelial 
cells changing and enlarging the normal outline of a few small 
ducts and alveoli. The area was surrounded by fibrocytes. Mitotic 
figures were numerous (Fig. 14). 

Dilute brown No. 8095 had been pregnant for 10 days. A small 
palpable tumor was noticed on the rst gland. Microscopic sections 
showed a rapidly growing adenocarcinoma with many mitotic 
figures. 

Adjacent to this nodule there were some alveoli that contained 
secretion. The presence of a few small lobules with persistent 
secretory activity was noted on the 3rd and 4th glands. 

Dilute brown No. 4165 was pregnant for 19 days and all the 
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glands consisted of well developed, functioning cells. On the 4th 
gland a microscopic area was observed where the epithelial cells 
were not functioning but rapidly dividing. In some places the 
lumen was being obliterated by an overgrowth of epithelial cells. 
While in most places the basement membrane was intact, in some 
places it had been broken through and the epithelial cells were 
seen in the process of invading the surrounding tissues and showed 
definite signs of carcinoma. The stroma was fibrous (Figs. 15 
and 16). 

One black animal examined at the corresponding stage showed 
acute mastitis in 1 gland. Two others proved to be normal. The 
animals included in this group were between the ages of 8 and 
13 months. 

Fourth Lactation: Dilute brown No. 3951 had no palpable 
tumor, but suspicious areas were noticed under the dissecting 
microscope on the left rst and right 3rd glands. Sections showed 
that all the glands were lactating. The suspicious area on the left 
1st gland was a small fibroadenoma. The stroma was very dense 
and at one place near the periphery showed lymphocytic infiltra- 
tion. The small nodule on the right 3rd gland was an adenocarci- 
noma with fibrous stroma. The tumor was not encapsulated and 
was in the process of expansion by peripheral growth (Fig. 17). 

All the glands of 2 other dilute brown and 2 C57 black animals 
examined at this stage were normal lactating glands. These mice 
were between the ages of 8 and 914 months. 

Resting after Fourth Lactation: Dilute brown No. 2585 showed 
acute mastitis with diffuse polymorphonuclear leukocytic infiltra- 
tion on the 5th gland. In all other glands the regression was 
normal and uniform. 

On the 4th gland of dilute brown No. 2796 a small area was 
considered suspicious under the dissecting microscope. After sec- 
tioning it was found to be composed of atypically arranged ducts 
and alveoli of greatly varied size. Many of these were composed 
of solid cords of cells and several of them had broken through the 
normal boundaries and were definitely malignant. Mitotic figures 
were numerous. The stroma showed slight fibrosis and lympho- 
cytic infiltration. The area was not encapsulated (Fig. 18). On 
the 3rd gland a small area showed signs of chronic inflammation. 
In some of the alveoli in this area the epithelial cells changed into 
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cornified stratified squamous cells, due to metaplasia. All of the 
glands contained some small persistently secreting groups of 
alveoli. 

The glands of 2 black mice were examined at this stage. All 
showed normal structures. These animals were between the ages 
of 9 and 12 months. 

Fifth Pregnancy: Dilute brown No. 7110 was pregnant for 8 
days. Microscopically the sections showed several small areas 
where aveoli containing quite dense secretion persisted, evidently 
from the previous lactation period. The main ducts in the rst and 
5th glands were distended by retained secretion. In the 2nd gland 
a very small, definitely malignant area was observed. This area 
showed some rapidly and densely growing epithelial cells without 
alveolar arrangement, developing around a small papilliferous 
cystic adenocarcinoma. The stroma was fibrous but the area was 
not encapsulated. None of the elements in the malignant area 
contained retained secretion. A somewhat larger malignant area 
was present in the 5th gland. This area was noticed under the 
dissecting microscope but was not large enough to be palpable. 
Here the epithelial elements were arranged in adenoid form. Some 
alveoli contained retained secretion; others contained no secretion 
and were growing very rapidly. In a few of them near the periph- 
ery calcium deposit was found. Several small cysts contained 
necrotic material. The stroma was quite fibrous; the tumor was 
not encapsulated. 

Dilute brown No. 7856 was pregnant for 9 days. In the sth 
gland a small group of ducts and developing alveoli were growing 
atypically. The epithelial cells were rapidly multiplying and were 
lining the lumens with several rows of cells. The basement mem- 
brane was still intact. The surrounding stroma showed increased 
fibrosis. The rest of the glands did not show any abnormalities. 

Dilute brown No. 8061 was pregnant for 15 days. The develop- 
ment of all the glands was quite uniform. A few ducts contained 
some retained secretion. In the 4th gland a small abnormal nodule 
was noticed microscopically. It was a carcinoma simplex and 
consisted of a disorganized growth of large atypical epithelial 
cells. The nodule was surrounded by a fibrous capsule which 
showed some lymphocytic infiltration (Fig. 19). 

Dilute brown No. 7869 was pregnant for 19 days. All the glands 
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Tasre I 


Dilute Brown 
Third Pregnancy 
First Pregnancy 
6481 7 Metaplasia, 
2664 2 chronic and 
acute mastitis 
9 3 3041 7 
2483 3283 
a 3 10807 9% | Abscess, chronic 
3 mastitis and 
2662 “= metaplasia 
2502 2+ 
Third Lactation 
First Lactation 92675 =i Chronic mastitis 
2816 114 
78335 3 97374 6 Infestation with 
2878 3+ | Small areas of mites 
acute mastitis Resting after Third Lactation 
78261 4 
2887 3+ 2826 8 Small areas of 
2883 3+ | Small areas of persistent secre- 
acute mastitis tory activity 
2916 3 Small areas of 2818 8 Same as above 
acute mastitis 10806 8 Same as above 
4353 8 Adenocarcinoma 
Regression after First Lactation Fourth Pregnancy 
4127 8 Thickened wall of 
2815 4 Small areas of ducts 
acute mastitis 8095 —13 Adenocarcinoma, 
4187 4 persistent secre- 
4108 4 tory activity 
5535 4165 Adenocarcinoma 
97371 5% 
Fourth Lactation 
Second Pregnancy 3951 9 Fibroadenoma 
Adenocarcinoma 
4540 s Adenocarcinoma 3882 9 
5430 5 Persistent grow- 4006 8 
1688 5 —— Resting after Fourth Lactation 
2585 9 Acute mastitis 
Second Lactation 2796 9 Adenocarcinoma, 
chronic mastitis 
and metaplasia 
96624 —6 
5636 6 Chronic mastitis Fijth Pregnancy 
pot 7110 13 Carcinoma sim- 
plex, adeno- 
carcinoma 
Regression and Resting 7856 12 Thickened wall of 
after Second Lactation ducts and al- 
veoli 
5432 8 Persistent grow- 8061 12 Carcinoma sim- 
ing area plex, persistent 
3425 6 secretory activ- 
3214 -7 Acute mastitis ity 
3003 7 7869 13 Fibroadenoma 
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were composed mostly of secreting epithelial cells. A small fibro- 
adenoma was found on the sth gland. The epithelial cells filled up 
the lumens and enlarged the glandular structure. The basement 
membrane was not broken through. Mitotic figures were numer- 


ous. 
encapsulated (Fig. 20). 


The stroma showed increased fibrosis. The tumor was not 


Tas_e IT 
C57 Black 
ime tees | |Numberof | Age in | 
Abnormalities animal | months | Abnormalities 
ce | Regression and Resting 
First Pregnancy | after Second Lactation 
14135 —2 | 14040 | 8 
14151 a } | | 14248 | 7 
13921 2+ | | 14313 | 7 
14277 2+ 
14242 a+ | Third Pregnancy 
14312 2+ | 15643 | 8 
| | 16218 | 8 
First Lactation 283 | 8 
| | 
1432 2+ | | Third Lactation 
14327 2+ | Acute mastitis 
13594 oe 14403 8 | Acute mastitis 
13695 ree | 16051 | 8 
13920 3+ | Acute mastitis | | 16340 7 
11907 4 | | i 
Resting after Third Lactation 
Regression after First Lactation $$$ 
15602 4 | | 14153 | | 
15334 | 4 | — 
15628 | 4 | Acute mastitis = Fourth Pregnancy a 
2 | | | 
21454 3 | | 18609 | 13 Acute mastitis 
| 14702 10 
Second Pregnancy | 19318 | 11 
146 5 Fourth Lactation 2 
147 | 
14440 | 9 
2768 9% 
281 5 7 97 
282 47 Resting after Fourth Lactation 
Second Lactation 15357 12 | 
aa 14202 10 
56 — 
15064 4 Fifth Pregnancy 
15983 4 
15888 19312 12 
10526 5 | Obstruction of 1 19313 12 
| nipple 
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Comparing the glands of these dilute browns with the glands 
of 3 blacks which were included in this group, the unevenness 
in the development of the dilute brown mice is becoming more and 
more evident. All these mice were between the ages of 11 and 13 
months. 

Murray * made a detailed analysis of the breeding behavior of 
the dilute brown strain. According to his data the frequency dis- 
tribution curve representing the age of mice at the appearance of 
tumor reaches its mode at 10!4 months. As the animals described 
in the last group had already passed through this age the investi- 
gation has not been carried further. 

The age of the animals and the abnormalities observed in them 
from the period of the first to the fifth pregnancy are presented in 
Tables I and II. 


DIscuSsSsION 


From the data presented above it is evident that comparing the 
mammary glands of the dilute brown high tumor strain with the 
C57 black low tumor strain, structural differences can be detected 
before the appearance of palpable tumors. These differences mani- 
fest themselves in two main ways: 

1. During the latter part of pregnancy a uniform change takes 
place in the epithelial cells of the glands of the black animals — 
cell multiplication ceases and secretion starts. 

In the dilute brown mice this change is not always uniform 
and small groups of epithelial cells sometimes persist in cell 
multiplication. 

2. During the period of regression the epithelial cells of the 
glands of the black animals gradually cease to secrete and the 
alveoli regress completely. 

In the dilute brown mice these changes are not always uniform 
— small groups of alveoli often persist and sometimes some of the 
epithelial cells keep on secreting. 

As mentioned previously, enough experimental data have ac- 
cumulated to prove that although breast development is brought 
about during pregnancy by estrin and luteal hormones, the secre- 
tion of milk can be effected only through the agency of an anterior 
pituitary hormone — prolactin. It seems important that a proper 
balance should be maintained between the hormones that stimulate 
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cell division and function. This balance might be upset in several 
ways. (a) One or the other hormone might be produced in excess 
quantity. In this case the effect of the resulting disturbance would 
probably be more widespread. (b) Some groups of cells might be 
able to store up or unable to eliminate certain hormones. This 
might render them incapable of utilizing the effect of other 
hormones. 

In a recent paper Geschickter and Lewis * present an interesting 
study of pregnancy and lactation changes in fibroadenoma of the 
breast in humans and state: “‘The failure of the fibroadenomatous 
tissue to respond to the same extent and in the same manner as 
normal breast tissue to all phases of pregnancy and lactation sug- 
gests that the tumor is more sensitive to certain hormones than to 
others.” In the present study this “failure to respond” was found 
to be present in certain groups of cells even before the cells were 
atypical or produced excessive growth. 

The failure of small groups of epithelial cells to respond to the 
stimulation of prolactin and persist in cell multiplication during 
the latter part of pregnancy seems to lead to carcinoma in the 
dilute brown animals. 

Structurally these persistently growing areas are composed at 
an early stage of small epithelial cells with a relatively large 
nucleus and a small amount of cytoplasm surrounding a small 
lumen. Mitotic figures are numerous. The surrounding stroma 
shows increased fibrosis. Later the epithelial cells fill up the 
jumen, enlarge the whole outline of the duct and finally break 
through the basement membrane. Although the fibroblasts which 
surround these areas at the early stages also show proliferation, 
they soon lag behind in development and the epithelial cells often 
penetrate into the surrounding adipose tissue. Cyst formation if 
present at all in this type of tumor is usually due to necrosis or 
rupture of blood vessels. 

The failure to complete regression and the persistence of secre- 
tory activity of small groups of epithelial cells do not seem to be 
so dangerous from the point of view of malignant changes. In 
such areas mitotic figures are infrequent. If malignant changes of 
these areas do take place they probably develop slowly and later 
in the life of the animal. 

Metaplasia was noted in several of the glands of the dilute 
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brown mice. Cornified cells filled the lumens and the surrounding 
area showed fibrosis and signs of chronic mastitis. 

Small areas of acute mastitis were observed most often during 
lactation and were found in the glands of the black animals as well 
as in the dilute brown animals. 


SUMMARY AND CONCLUSIONS 


A comparative morphological study of the mammary glands of 
the Little-Murray dilute brown high tumor strain and the C57 
black low tumor strain of mice showed that the glands of the high 
tumor strain do not respond so uniformly to the endocrinal influ- 
ences that regulate the progressive, functioning and regressive 
changes of the gland as do those of the low tumor strain. 

In the high tumor strain groups of cells may persist in cell 
division, while all the others are already functioning; or fail to 
regress, sometimes keeping on functioning while all the others 
have undergone regression. The persistent mitotic activity of 
groups of cells leads to early malignant changes. 
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DESCRIPTION OF PLATES 


PLATE 135 


Fic. 1. End bulbs on the mammary gland of an 8 weeks old dilute brown 
mouse. X 65. 


Fic. 2. Rapidly developing mammary gland on the 11th day of pregnancy. 
X 200. 


Fic. 3. Mammary gland showing secretory activity on the 20th day of preg- 
nancy. Note the decrease of adipose cells and the increase of the glandu- 
lar elements. X 200. 


Fic. 4. Mammary gland of a mouse lactating for 7 days. Note the almost 
complete absence of adipose cells. X 100. 


Fics. 5 and 6. Glands of the same C57 black mouse that was lactating for 20 
days. Figure 5 is the 4th gland and shows secretory activity. Figure 6 is 
the 3rd gland and shows regression of the glandular elements and an in- 
crease of adipose tissue. X 50. 


Fic. 7. Mammary gland 24 hours after lactation had stopped. Note the round 
bodies in the ducts and alveoli. X 100. 


Fic. 8. Mammary gland at resting stage. Adipose cells greatly increased — 
the glandular elements reduced. X 100. 
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PLATE 136 


g. Mammary gland of dilute brown No. 4540. This animal was preg- 
nant for 15 days and secretory activity has started in the cells of the 
normal area. The abnormal areas are deeply staining and do not show 
secretory activity. 25. 


10. Part of Figure g under higher magnification. In the lower left corner 
a normal lobule is seen. The upper right corner shows malignant changes 
in the abnormal area. ¥ 250. 


11. Mammary gland of dilute brown No. 5430. The animal was preg- 
nant for 1g days and secretory activity was well established. In the ab- 
normal area the cells are not functioning but are still actively dividing. 


5. 


12. Part of Figure 11 under higher magnification showing normal part 
at the lower left and abnormal part above it. * 75. 


13. The gland of dilute brown No. 6481 at 7th day of pregnancy. The 
abnormal] area shows a few alveoli with persistent, functional activity and 
metaplasia of the glandular epithelium to cornified, stratified squamous 
epithelium. 100. 


14. Dilute brown No. 4127 pregnant for 7 days showing the thickened 
wall of a few ducts and alveoli. ¥ 75. 
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PLATE 137 
15. Dilute brown No. 4165 pregnant for 1g days showing an abnormal 
growing area surrounded by a normal functional area. * 25. 
16. Part of Figure 15 under higher magnification. The normal area is 
on the left; the abnormal on the right side of the picture. 


17. The gland of dilute brown No. 
carcinoma with fibrous stroma. ¥ 7 


3951 lactating 1 day shows an adeno- 
5. 

18. The gland of dilute brown No. 2796 at resting stage, showing a small 
adenocarcinoma. 25. 


iy. The gland of dilute brown No. 8061 pregnant for 15 days and show- 
ing a small carcinoma simplex which is encapsulated. 100. 


20. The gland of dilute brown No. 786g pregnant for 1g days and show- 
ing a fibroadenoma. 25. 
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STUDIES ON THE INFECTIOUS AGENT OF INCLUSION 
BLENNORRHEA * 


L. A. JULIANELLE, PH.D., R. W. Harrison, P#.D., anp A. C. Lance, M.D. 
(From the Departments of Bacteriology and Ophthalmology, Washington University 
School of Medicine, St. Louis, Mo.) 


INTRODUCTION 


The acute conjunctivitides occurring in the newborn were 
originally designated indiscriminately as ‘ophthalmia neonato- 
rum,” and until the advent of bacteriological methods there was 
little opportunity of demonstrating their occurrence in various 
forms. With the discovery of the gonococcus by Neisser ' in both 
the urethral discharge of adults and the conjunctival exudate of 
infants, the most severe and common variety became classifiable 
and identified as blennorrhea. In rapid succession the different 
organisms etiologically related to the different types of ophthalmia 
neonatorum became known, thus permitting a logical and feasible 
classification of this pleomorphic clinical condition. In spite of 
the advances made, however, there were repeatedly cases of blen- 
norrhea which defied bacteriological analysis since no visible or 
cultivable organisms were present, and although this particular 
manifestation had been commented on by several observers,” * * 
it was Morax ® who differentiated it by name when he termed it 
“conjonctivite amicrobienne.”’ 

With the discovery later by Halberstaedter and Prowazek ° of 
the cytoplasmic inclusion of the epithelial cell in trachoma it was 
a natural sequence to search for and, as it happened, to dis- 
cover morphologically identical structures in the ‘“amicrobi- 
enne” instances of ophthalmia neonatorum. Without delving too 
deeply into the historical background it is sufficient to say only 
that this clinical condition was soon established as an entity and 
henceforth it became identified as inclusion blennorrrhea,® with 
the concept predominant in the minds of most workers that the 
epithelial inclusion was the causative agent. 

* Conducted under a grant from the Commonwealth Fund of New York. 

t For a detailed account of the clinical and general aspects of inclusion blen- 
norrhea the reader is referred to a later communication, now in press in the Ameri- 


can Journal of Ophthalmology. 
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Contiguous studies undertaken in this laboratory on the etiology 
of trachoma ”° indicated that inclusion blennorrhea and trachoma 
possess certain analogies, as others, in fact, have pointed out in 
the past. As a consequence of the study of these two diseases it 
was felt that an effort should be made to prove their separate 
identity, if possible. After five years of intermittent study it is 
felt that sufficient information has been acquired to justify a re- 
port on the nature and etiology of inclusion blennorrhea. 


METHODS 


Patients: The patients under observation in this study were for 
the most part attending the ophthalmological clinic of Washington 
University *; 3 came from the St. Louis Maternity Hospital, and 
1 from the Bethesda Hospital of St. Louis. This will convey in a 
measure the infrequency of this disease, when it is considered that 
careful search during this interval in these institutions yielded 
only 22 patients. Diagnosis was made tentatively on clinical 
grounds but it was always verified later by a search for the char- 
acteristic inclusions, and only those patients with relatively numer- 
ous lesions were utilized for experimental study. 

Material: Material for study consisted of a suspension of tissue 
fragments obtained by scraping the conjunctiva of the everted lid. 
This was accomplished by first removing the exudate with soft 
cotton gauze, sometimes supplemented by short saline irrigation. 
The eye was anesthetized with holocaine or pontocaine and the 
conjunctiva of the everted lid was scraped with a sterilized plati- 
num spatula of the Lindner type. The tissues thus removed were 
emulsified in 1 cc. of veal infusion broth (pH 7.6 to 7.8). Since the 
acute stage of this disease lasts 2 weeks or more, it was possible 
to return to the same patient a number of times at intervals of a 
few days or a week, thus obtaining from some of them a relatively 
large quantity of infectious material. It should be pointed out that 
the scraping technique was used for therapeutic purposes, so that 
the procedure was not a condition imposed by this study. 

Inoculations: The suspension of tissues was always triturated 
under sterile conditions, without the intervention of abrasive sub- 

* The writers gratefully acknowledge the cooperation and assistance of Dr. L. T. 


Post of this university in procuring patients and extending the facilities of his 
clinic toward the completion of this work. 
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stances, immediately on return to the laboratory. In the majority 
of instances the delay from clinic to laboratory was very short, 
since both departments are in the same building. The ground 
material was used for a variety of purposes, modified to a further 
extent in certain cases, as will be described below. In testing in- 
fectivity of the tissues, inoculations were made by direct swab- 
bing from patient to animal, by swabbing with the suspension of 
tissues, or by injection, which was accomplished by multiple 
pricking of the conjunctiva with a charged needle and allowing 
material from the syringe to drip over the scarified surface and 
then introducing about 0.2 cc. of the suspension subconjunctivally. 


EXPERIMENTAL 


In initiating this study it was necessary to determine the trans- 
missibility of inclusion blennorrhea to animals. While former 
workers had already established its infectivity in apes and mon- 
keys,'*** the number of animals inoculated was small and the 
descriptions of the experimental disease lacked detail. Conse- 
quently it was decided to restudy the problem of transmissibility. 
In preliminary experiments tissues from infants were inoculated 
into rabbits, guinea pigs and rats, both conjunctivally and by dif- 
ferent routes, without inducing any reactions perceptible by clinical 
observation. Attempts to adapt the infectious agent in white mice, 
Swiss mice and Bar Harbor mice (C—57) by successive intraperi- 
toneal or intracerebral passage were complete failures, and ex- 
amination of various organs, particularly the spleen and the brain, 
showed no gross or histological changes. Inclusions were sought 
for but were never detected in the tissues of these animals. 


Transmissibility to Apes and Monkeys 


In transferring material from the infant to monkeys or apes, as 
described above; it was possible to induce experimental infection 
of the conjunctiva. Of a total of 50 monkeys (.Macacus rhesus) 
inoculated with unaltered human tissues, 25 were infected suc- 
cessfully. The variations in the transmission of the disease are in 
part due to the tissues themselves, and in part to the variation in 
individual susceptibility of monkeys.* For a few days following 


*A more complete report of the factors influencing the infectivity of a given 
tssue will be published later in the American Journal of Ophthalmology 
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inoculation there was a varying but never a marked degree of 
mucopurulent discharge, mild hyperemia, slight congestion and 
occasional swelling of the lids. These were not regarded as pro- 
dromal symptoms since they were observed frequently even in 
animals not infected. It was considered more probable that the 
reaction was in response to the bacteria usually accompanying 
inclusion blennorrhea, and because of their non-pathogenic nature 
they were easily eliminated. 

Successful infection was determined by the appearance of fol- 
licles, which were detected as single or small clusters of translucent, 
discrete and circular elevations, at first in the retrotarsal folds. 
This sign was accepted as the first evidence of specific infection, 
so that on this basis the period of incubation was found to vary in 
different animals from 5 to 13 days. Slightly more than half the 
animals, however, became infected within a week after inoculation 
with the human tissues. The follicles gradually increased in num- 
ber and were characterized by their uneven distribution, variable 
size and occasional vascularization, so that some follicles had a dis- 
tinctly reddish cast. The infection soon became a chronic process, 
with the general appearance unchanged until healing set in, when 
the follicles commenced to recede gradually. While the duration 
of the experimental infection varied considerably from a minimum 
of 2 weeks to a maximum of 7 months, more than half the animals 
recovered within 6 weeks. 

At no time during the experimental disease did the infection 
extend to the tarsus, bulbar conjunctiva or cornea. The reaction 
was always follicular, never papillary, as commonly observed in 
infants, and irregularly there appeared to be a greater degree of 
folliculosis in the lower lids. On recovery the conjunctiva assumed 
its originally normal appearance and an exacerbation of clinical 
symptoms was never seen. 

In 1 of 2 Sphinx baboons infected the reaction was similar to 
that in the monkeys and there was an unmistakably greater in- 
volvement of the lower lids. 

A study was made of serial passage of the experimental disease, 
but it was found that the infectious agent was lost in two to three 
transfers from animal to animal. Following recovery it was de- 
termined that such animals acquire no increased resistance to 
reinfection. A corollary experiment was conducted in which ani- 
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mals recovering from experimental inclusion blennorrrhea were 
inoculated at a later date with active material from trachoma. It 
was not possible to show that the former infection offered any pro- 
tection to the later inoculation. This is in contradistinction to the 
results published by Lindner ** but later unconfirmed by Thygeson 
and Mengert.”* 

The histological changes stimulated by the experimental process 
were essentially those of lymphoid hyperplasia and as such pos- 
sessed not specific but merely the general characteristics accom- 
panying follicular hypertrophy. In any event, examination of 
sections revealed follicles varying in size, composed for the most 
part of small lymphocytes and plasma cells occasionally surrounded 
by a thin collar of fibroblasts. In the earlier stages the conjunctival 
epithelium was frequently undergoing desquamation and many 
individual cells showed a marked degree of swelling or ballooning. 
As the infection progressed into the chronic phase the epithelium 
was regenerated and in certain areas thrown into invaginations due 
presumably to the pressure exerted by the larger sized follicles. 
Scarring was never observed so that histologically as well as 
clinically experimental inclusion blennorrhea must be regarded as 
just as benign a disease as its spontaneous counterpart in the 
infant. 

As already stated above, inclusion blennorrhea is identified pre- 
eminently by the cytoplasmic inclusion of the epithelial cell. Con- 
sequently, repeated search was made for its presence in the infected 
monkey. In the limited sections prepared for histological exam- 
ination inclusion bodies were not found. In scrape smears regu- 
larly made of the conjunctiva inclusion bodies were found in only 
2 monkeys. The inclusions were not numerous and they were 
located with difficulty. In 1 animal inclusions were found on the 
5th and 8th days following inoculation, and in the 2nd animal only 
on the 4th day. Other observers,’ '*:*°** have found them with 
relative ease, particularly in baboons, so that Thygeson *° suggests 
that 17. rhesus is a poor animal for the observation of inclusions. 
Whatever the explanation it must be admitted that there are a 
number of instances in which inclusions fail to appear in the ex- 
perimental transmission of a disease to a foreign host. 
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Bacteria Cultivable from Inclusion Blennorrhea 


Having verified the transmissibility of inclusion blennorrhea to 
monkeys it was proposed to determine, if possible, the nature of 
the agent responsible for the evolution of the infection. The first 
step in this direction was taken by means of bacterial cultures from 
infected infants. Ten patients were studied with care, although 
routine cultures were carried out on all. Conjunctival scrapings 
emulsified in veal infusion broth were inoculated on rabbit blood 
agar, horse serum agar, and Noguchi’s leptospira semisolid agar. 
In a few cases ascitic fluid containing fresh rabbit kidney and 
sealed with sterile vaseline was also used. Incubation of seeded 
mediums was carried out at 30°C. and 37°C., and in most in- 
stances up to 5 days. 

It was soon realized that the organisms cultivated, regardless of 
the medium employed, were those usually associated with the 
flora of the normal conjunctiva. Thus, staphylococci were isolated 
in greatest frequency and numbers, with diphtheroids following 
closely. Moreover, no variations in flora were noted that might be 
correlated with the variations in infectivity of tissues. The impor- 
tant fact is, however, that none of the organisms cultivated was 
capable of inducing in monkeys reactions resembling experimen- 
tal inclusion blennorrhea. It was concluded, therefore, that the 
bacteria recovered from infected infants were adventitious and 
played no primary or causal part in the spontaneous disease. 


Filterability of the Infectious Agent 


A study of the literature reveals that the incitant of inclusion 
blennorrhea was found to be filterable in a total of six experiments, 
twice through Berkefeld filters **.** and four times through col- 
lodion membranes. Thygeson,”’ who was first to employ the lat- 
ter, showed that on two occasions the agent traversed membranes 
measuring 0.74 A.P.D., and Tilden and Gifford ** confirmed the 
observation with membranes measuring in one experiment 0.62y, 
and in another, 0.464 A.P.D. On the other hand, Lindner * 
found that in four experiments Berkefeld filters retained the infec- 
tious agent. 

With the tentative elimination of bacteria in the evolution of 
inclusion blennorrhea it was proposed to continue the study of the 
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etiology with filtrates of active tissues, and to extend the experi- 
ments of former investigators. Tissues for this purpose were ob- 
tained by scraping the everted conjunctiva and emulsifying in 
broth the tissues thus obtained. After grinding the suspensions 
were centrifugated for 3 to 5 minutes at 1500 r.p.m. to remove 
heavier particles. The supernatant fluid was filtered at a pressure 
of 20 cm. Hg. The filtrates were seeded on blood agar to deter- 
mine sterility and the filters were tested with young broth cultures 
of B. prodigiosus. The filters consisted principally of collodion 
membranes with average pore diameters varying from o.6yu to 
0.694, and in two experiments Berkefeld V candles were em- 
ployed. 

In this way ten experiments were performed, but in four the 
original material proved to be inactive for monkeys. The data 
bearing on these experiments are summarized in Table I. It will 
be seen that in two of the six successful experiments (B—11b and 
B-17), tissues originally infectious no longer retained their ac- 
tivity when filtered through collodion membranes measuring 0.654 
A.P.D. In the remaining trials the infectious agent traversed the 
membranes (0.63 to 0.654) in two experiments (B-15 and B-16). 
In the last two attempts the infectious agent was recovered by 
Berkefeld filtration in one experiment (B-—18) and by both Berke- 
feld and collodion filtration in the other (B-19a and b). In one 
of the later filtrations the tissues studied were pooled from 5 in- 
fected monkeys. It is obvious then that when the proper conditions 
are met the incitant of inclusion blennorrhea is filterable. 

On further analysis it was found that there is, however, a dis- 
tinct loss in degree of activity during filtration. Thus, of 18 mon- 
keys inoculated with unfiltered material 15 were infected, while 
of 21 inoculated with corresponding filtrates only 6 were infected. 
It may well be, therefore, that the differences in infectivity ob- 
served in filtrates from different infectious tissues are due to a 
partial retention of virus particles which in one instance may be 
sufficient to carry the concentration of infectious agent beyond its 
range of activity, while in another instance a similar degree of 
retention may have no effect on ultimate infectivity because more 
virus is present originally. 
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Cultivability in Tissue Cultures 


Since it was shown that the infectious agent of inclusion blen- 
norrhea is able to penetrate both Kieselguhr and collodion filters, 
and that the agent present in such filtrates is incapable of cultiva- 
tion in bacteriological mediums, it became necessary to attempt 
propagation in tissue culture. The methods employed for this 
purpose were the same as those described in a former communica- 
tion on trachoma.”° Scraped tissues from patients were washed 
through several changes of Tyrode’s solution to eliminate the con- 
taminating bacteria usually present. While not completely effec- 
tive, it was possible in this way to obtain a sufficient number of 
bacteriologically sterile tissues to permit their uncontaminated 
cultivation. In some experiments filtered material was also used. 
Inoculations were made from 7 different patients, but material for 
tissue cultivation was always taken more than once, and in some 
cases more than four times, from individual infants, thus increas- 
ing manifold the actual number of cultures. The cultural methods 
consisted of minced chick embryo, minced rabbit testicle or kid- 
ney, plasma clot with normal human or normal rabbit plasma 
seeded with conjunctival cells from the patient or with normal 
rabbit tissue impregnated with filtrates of infected human tis- 
sues. Cultivation was similarly attempted in the fertile hen egg. 
Tissue cultures of different ages were subsequently inoculated in 
monkeys, either singly or pooled, and a microscopic study was 
made to determine the presence of abnormal cellular changes as 
well as structures indicative of virus activity. 

A summary of the data on these experiments indicates that 
neither inclusions nor their constituent elementary or initial bodies 
were ever observed in smears or sections of the tissue cultures. 
None of the cultures, moreover, was capable of inducing infection 
in the monkeys inoculated, despite the fact that some of the ani- 
mals selected were subsequently demonstrated to be susceptible 
to experimental inclusion blennorrhea. It appears, therefore, that 
the infectious agent of inclusion blennorrhea is incapable of mul- 
tiplication under the conditions of tissue cultivation described 
above. 
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DISCUSSION 


The studies undertaken in the present investigation suggest that 
the infectious agent of inclusion blennorrhea is not bacterial. In- 
deed, it appears to be a virus capable of inducing specific infection 
in monkeys after passage through Berkefeld V and collodion filters 
(A.P.D. 0.634 to 0.65), in this respect corroborating and ampli- 
fying experiments of certain former observers.’” The 
agent, however, is unable to grow in a variety of tissue cultural 
mediums, which may indicate in another way its viral nature. 

The epithelial inclusions accompanying the disease are undiffer- 
entiable from those of trachoma, thereby suggesting to certain 
workers a relation even of identity between the infectious agents 
of the two entities. On the basis of inoculations in man, moreover, 
Wolfrum ** concluded that the two conditions are actually mani- 
festations of the same infection. His description of the experimen- 
tal infection is so lacking in details as to prevent analysis of his 
reasons for the diagnosis. On the other hand, this was subsequently 
denied by Gebb ** and later by Thygeson,”® *! the latter demon- 
strating that inclusion blennorrhea appears as a conjunctivitis in 
adults recognized as swimming-bath conjunctivitis. Similarly, in 
an infection transmitted by accident to an attending nurse, it was 
observed in this laboratory ** that the virus of inclusion blennor- 
rhea does not induce trachoma in the adult, but, as Thygeson first 
reported, swimming-bath conjunctivitis. On rereading Gebb’s 
experiments it is obvious that his results indicate a similar con- 
clusion, the true diagnosis possibly escaping his attention, as well 
as that of others reporting accidental infection from infant to 
mother,***° because swimming-bath conjunctivitis was still too 
recently recognized an entity to receive universal acceptance. It 
seems at the present time, therefore, that inclusion blennorrhea 
represents the infantile response of the conjunctiva, and swimming- 
bath conjunctivitis the adult response to the same agent. 

In order to bring out the contrasts and comparisons between the 
two diseases, a table (Table II) has been compiled to include the 
various characteristics of each. Analysis of the individual mani- 
festations reveals that both in spontaneous and in experimental 
infection there is a shortening of incubation period and duration 
in inclusion blennorrhea. While in appearance the two diseases are 
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similar in the monkey, in man trachoma only induces cicatrization, 
corneal complications, impairment of visual acuity, and exhibits 
a marked tendency toward recurrence after apparent healing. 
The inclusions are found in greater numbers and in a greater 
proportion of patients with inclusion blennorrhea. The same con- 
clusion is tenable in experimental infection but on a more reduced 
scale. Silver nitrate has been found to be an effective therapeutic 
agent in trachoma but not in inclusion blennorrhea. Trachoma, 
moreover, occurs only in the eye and its adnexa while inclusion 
blennorrhea is essentially a genital infection transmitted from 
mother to infant intra partum.”° *?*1:*? While there can be no 
doubt, therefore, that the two ocular infections are clinically 
different it must be admitted that any and all of the differential 
characteristics may be due as much to variations in degree of 
pathogenicity of the strains of virus involved as to any actual dis- 
tinctions in species. The inability of both viruses to survive serial 
animal passage, stimulate immunity and initiate artificial propa- 
gation, as well as the striking resemblance of the respective inclu- 
sions, suggest that the two viruses fall within the same or closely 
related biological groups. 

Other authors have considered the infectious agent of inclusion 
blennorrhea to be the inclusion body itself. The present study 
offers no information to support or refute this opinion. While the 
experiments of Thygeson *°:*" suggest that the elementary body is 
the virus and certain data on particle size of the virus (unpub- 
lished) obtained in this laboratory also intimate that this may be 
so, it appears to us that further study is needed before such a 
limited definition of the virus can be rendered conclusively. That 
the infectious agent is a virus is supported by the collective evi- 
dence of several investigators; to carry this statement further, 
however, takes the discussion outside the realm of inclusion blen- 
norrhea into the broader field of viruses in general, where the 
problem bearing on the identity of virus and inclusion is wide- 
spread and not particular to any special disease. 


CONCLUSIONS 


1. Inclusion blennorrhea is transmissible to apes and monkeys 
as a self-limited follicular conjunctivitis without complications or 
sequelae. 
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2. The infectious agent is incapable of serial transfer in mon- 
keys and it stimulates no immunity in recovered animals. 

3. Transmissibility to monkeys is not dependent on the bacteria 
present in and cultivable from active tissues of infectious patients. 

4. The infectious agent, while losing a certain degree of activ- 
ity, passes through Berkefeld V filters and collodion membranes 
with an A.P.D. of ca. 0.6. 

5. It was not possible to propagate the infectious agent under 
several different conditions of tissue cultivation. 

6. The indications are that the infectious agent of inclusion 
blennorrhea is a virus. 

7. The clinical evidence indicates that inclusion blennorrhea is 
different from trachoma although their respective viruses may be 
similar or closely related biologically. 

8. No evidence can be derived from this study either to affirm 
or refute the identity of the virus and the inclusion body of in- 
clusion blennorrhea. 
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THE PHAGOCYTIC ACTIVITY OF HUMAN LEUKOCYTES WITH 
SPECIAL REFERENCE TO THEIR TYPE AND MATURITY * 


AmprosE J. Hertzoc, Px.D., M.D. 
(From the Department of Pathology, University of Minnesota, Minneapolis, Minn.) 


The polymorphonuclear neutrophiles are the most active phago- 
cytes of the body. In an inflammatory exudate, regardless of the 
nature of the irritant, the polymorphonuclears are the first cells to 
arrive and to attempt its removal. The monocytes of the blood are 
also actively phagocytic. Schwarz’ in an extensive review of the 
literature on the subject of eosinophiles found no agreement 
among the various investigators as to the phagocytic activity of 
these cells. Strumia and Boerner’ in a recent report found the 
phagocytic activity of eosinophiles to be far less than that of the 
neutrophiles or monocytes, although a fair percentage of circulat- 
ing eosinophiles showed phagocytosis. It is extremely difficult to 
recognize phagocytosis in basophiles because of the large baso- 
philic granules within the cytoplasm of these cells. It is commonly 
believed that lymphocytes as such are not capable of phagocytosis. 
Strumia and Boerner? found no phagocytosis in lymphocytes. 
They studied a case of infectious mononucleosis and found no 
phagocytic activity in the leukocytoid leukocytes of this condition. 
The question whether or not lymphocytes ever possess phagocytic 
properties is complicated by the fact that many investigators be- 
lieve that small lymphocytes are relatively undifferentiated cells 
and are capable of transforming into cells accepted as phago- 
cytic macrophages. 

It is questionable whether there is any significant difference in 
the phagocytic ability of polymorphonuclear neutrophiles ar- 
ranged according to the Arneth or Schilling hemogram, except 
possibly in the case of the metamyelocyte. There have been a 
number of conflicting reports on the phagocytic activity of the 
neutrophiles based on the nuclear configuration by Block,* Ponder 
and Flinn,* Morita,” Huddleson and Munser,® and Strumia and 
Boerner.” Very little work has been done on the study of the 
phagocytic properties of the cells from leukemic blood. The im- 


* Received for publication May 28, 1938. 
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portance of this study lies in the fact that it might offer a physio- 
logical criterion for the separation of the cells of the various types 
of leukemia. Jacobsthal * in 1921 studied the phagocytic activity 
of the cells from 1 case of chronic myelogenous leukemia and 1 of 
acute myeloblastic leukemia. He used cinnabar, staphylococci, and 
tubercle bacilli as test particles. In the case of chronic myelog- 
enous leukemia he found the polymorphonuclear leukocytes 
normally phagocytic, but the myelocytes exhibited very little 
phagocytosis. In the acute myeloblastic leukemia the myeloblasts 
were actively phagocytic. Huddleson and Munser® in 1936 
studied a case of myelogenous leukemia, using Brucella organisms 
and immune serum. They found the greatest phagocytic activity 
in the mature polymorphonuclear leukocytes, less in the metamye- 
locytes, and no phagocytosis in the more immature forms. 
Strumia and Boerner ” in 1937 reported the most complete study 
of the phagocytic properties of the circulating cells in the various 
forms of leukemia that has been published up to the present. 
Their material consisted of 11 cases of leukemia. In myelogenous 
leukemia they found occasional phagocytosis with all the imma- 
ture granulocytes, including the myeloblast. However, the pro- 
myelocyte was the first cell showing definite phagocytic activity. 
In the 3 cases of lymphatic leukemia they found no evidence of 
phagocytosis in any of the lymphocytes, either mature or imma- 
ture. In 2 cases of acute hemohistioblastic leukemia they found 
active phagocytosis by the hemohistioblast, monoblast and 
monocyte. 


MATERIAL AND METHODS oF STUDY 


The material used in this study consisted of blood from 17 
patients with leukemia, 3 with infectious mononucleosis, 4 with 
lymphocytosis, and 2 with eosinophilia. The diagnosis in each 
instance was based on several hematological examinations and was 
confirmed by Dr. Hal Downey. The cells in all cases were classi- 
fied according to the morphological criteria described by Downey.*® 

The experiments were performed as follows: The blood sample 
to be tested was obtained by venous puncture. Five to 10 cc. of 
blood were collected in a small pyrex flask containing 1 mg. of 
heparin in o.1 cc. of saline for each 5 cc. of blood. One cc. of the 
heparinized blood was then placed in vials 6 cm. long and 1.5 cm. 
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in diameter. To separate vials was then added o.1 cc. of a freshly 
prepared bacterial suspension from 24 hour broth cultures. The 
bacteria used as test particles consisted of Staphylococcus aureus 
and Streptococcus viridans. Both organisms were relatively non- 
virulent and were readily phagocytized. In order to compensate 
for the variability in the number of leukocytes the final suspension 
of bacteria was standardized to approximately five billion bacteria 
per cubic centimeter. This furnished an excess of bacteria in all 
experiments. If the total leukocyte count was over 100,000 cells 
per cmm., 0.15 cc. of the bacterial suspension was added. The vials 
were then tightly stoppered with corks which had been dipped in 
melted paraffin. The vials containing the leukocytes and bacteria 
were then rotated on a modified Robertson mixing wheel or agi- 
tator within the incubator at 37° for ro minutes. The wheel was 
regulated to run at a constant speed of 16 revolutions per minute. 
At the end of 10 minutes the vials were removed and a drop of 
blood from each vial was used to make the usual blood smear. 
As a rule a differential count was made on 200 cells from both the 
staphylococcus- and the streptococcus-leukocyte mixtures, the 
smears having been stained by Wright’s method followed by 
Giemsa’s stain. The actual number of bacteria phagocytized in 
addition to the number of cells showing phagocytosis was noted. 
This afforded a quantitative as well as a qualitative measure of 
the phenomenon. In an effort to overcome the undetermined vari- 
ations in the opsonic power of the patient’s serum an agglutination 
test was carried out with the test organisms in each experiment. 
This would tend to make the results more reliable for comparative 
study. 
Phagocytosis in Myelogenous Leukemia 


This group included ro cases, 8 of which were of the chronic 
variety. There was 1 case of acute myelogenous leukemia which 
showed a marked preponderance of myeloblasts. In the roth case 
a diagnosis of Nageli’s monocytic leukemia was considered but be- 
cause of the lack of sufficient differentiation toward mature mono- 
cytes it was diagnosed as a variety of subacute myelogenous 
leukemia. 

The mature polymorphonuclear neutrophiles showed the great- 
est amount of phagocytosis as to both the number of bacteria in- 
gested per cell and the per cent of cells engulfing bacteria. There 
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was a small but definite decrease in the degree of phagocytosis 
by the metamyelocytes or non-filamented forms of polymorpho- 
nuclear neutrophiles when compared with the mature neutrophilic 
or filamented forms. The phagocytic activity of the myelocytes, 
promyelocytes, leukoblasts and myeloblasts appears to be directly 
proportional to the maturity of the cell. There was a marked de- 
crease in phagocytosis in the more immature forms. There was 
no correlation between the degree of phagocytosis observed and 
the relative amount of cytoplasm of these cells, except in the case 
of the myeloblast. This latter cell has a small amount of cytoplasm 
and less than 1 per cent showed any phagocytic activity. The 
eosinophilic metamyelocytes and myelocytes were less phagocytic 
than the neutrophilic variety of these cells. The mature mono- 
cytes were actively phagocytic but the immature monocyte or 
monoblast showed very little. No definite phagocytosis was ob- 
served in any of the basophiles but allowance must be made for 
the fact that it is difficult to differentiate between the basophilic 
granules and the bacteria. 


Phagocytosis in Mixed Leukemia 


One case of mixed leukemia was studied. The total white count 
was 19,800. The differential count showed the unusual picture of 
myeloblasts and developmental stages leading to granulocytes on 
the one hand, and to lymphocytes on the other. Active phago- 
cytosis was observed in the polymorphonuclear neutrophiles. The 
metamyelocytes and myelocytes showed moderate phagocytosis. 
No organisms were found to be ingested by any of the more im- 
mature granulocytes. None of the numerous lymphocytes, regard- 
less of size or maturity, showed any phagocytic activity except 
that one large lymphocyte contained fourteen staphylococci and 
one small lymphocyte contained one staphylococcus within its 
cytoplasm. 


Phagocytosis in Lymphatic Leukemia, Lymphocytosis and 
Infectious Mononucleosis 


This group included 4 cases of chronic lymphatic leukemia, 1 
case of acute lymphatic leukemia, 4 cases of absolute or relative 
lymphocytosis, and 3 cases of infectious mononucleosis. Active 
phagocytosis was observed in the small number of mature granu- 
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locytes present. None of the immature lymphocytes showed any 
phagocytic activity. The lymphoid stem cell showed no difference 
when compared with the myeloblast of myelogenous leukemia. 
Definite phagocytosis was observed in an occasional small mature 
lymphocyte. The degree of phagocytosis increased as the cell grew 
larger with a corresponding increase in cytoplasm. The large 
leukocytoid lymphocyte of infectious mononucleosis showed the 
greatest phagocytic ability. However, the number of cells of the 
lymphoid series showing phagocytosis was very small as com- 
pared with the granulocytes. 


Phagocytosis in Leukemic Reticuloendotheliosis 


One case of leukemic reticuloendotheliosis was studied. The 
findings in this case were of special interest. A female, aged 23 
years, had a white cell count of 75,600. Her illness lasted 7 weeks 
and her principal symptoms were fever, prostration and bleeding 
from the mucous membranes. The differential count showed 97 
per cent large immature cells. There were a number of histoid 
stem cells or reticuloendothelial cells present. These cells pos- 
sessed a moderate amount of basophilic stippled cytoplasm and a 
coarse sieve-like nuclear pattern. The majority of cells were 
histoid monoblasts. Their nuclear pattern indicated a reticulo- 
endothelial origin. The lack of differentiation toward mature 
monocytes would not permit the diagnosis of Schilling’s type of 
monocytic leukemia. An autopsy was performed by the author a 
few hours after the sample of blood was taken. The findings at 
autopsy were those of a leukemia with widespread hyperplasia of 
the reticuloendothelium of the liver, spleen, lymph nodes, thymus 
and bone marrow. The origin of the large monocytoid leukemic 
cells directly from the reticuloendothelium could be seen in many 
places, especially in the thymus. 

Phagocytosis was observed in approximately 50 per cent of the 
histoid stem cells and 37 per cent of the histoid monoblasts. This 
was the greatest amount of phagocytosis observed in any of the 
undifferentiated cells studied. 


Phagocytosis in Eosinophilia 


Two cases of eosinophilia were studied. The 1st case had a 12 
per cent eosinophilia. The clinical diagnosis, which was confirmed 
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later at autopsy, was periarteritis nodosa. The 2nd case was a 
75 per cent eosinophilia of undetermined origin. Definite phago- 
cytosis was observed on the part of the eosinophiles. However, 
both the percentage of eosinophiles showing phagocytosis and the 
number of organisms ingested per cell were less than in the poly- 
morphonuclear neutrophiles. 


DISCUSSION 


The 26 experiments covered a wide range of both mature and 
immature cells. No correlation was observed between the per- 
centage of cells showing phagocytosis or the number of organisms 
ingested and the agglutination titer of the serum. However, the 
test organisms were relatively non-virulent because of long labora- 
tory passage. Little difference was noted in the degree of phago- 
cytosis as shown by the cell toward either of the two test organisms. 
In Table I the results obtained in all of the 26 experiments are 
combined. This should afford a sufficient number of cells of the 
various types to allow a fairly accurate determination of the 
percentage of cells showing phagocytosis with the average number 
of both staphylococci and streptococci per cell. 

An analysis of Table I shows that the mature polymorpho- 
nuclear neutrophiles exhibited the greatest phagocytic ability. 
The monocytes, eosinophiles and metamyelocytes were also ac- 
tively phagocytic. The phagocytic activity of the myelocytes, pro- 
myelocytes, leukoblasts and myeloblasts appears to be directly 
proportional to the maturity of the cell as there was a marked 
decrease in phagocytosis in the more immature forms. An excep- 
tion was found in the histoid stem cell and histoid monoblast of 
leukemic reticuloendotheliosis as these immature cells arising di- 
rectly from the reticuloendothelium were actively phagocytic. The 
histoid monoblasts in this condition differed markedly in their 
phagocytic activity from the monoblast arising from the myelo- 
blast of myelogenous leukemia. The phagocytic ability of these 
immature cells clearly separates leukemic reticuloendotheliosis 
from other types of leukemia, including the Nageli type of mono- 
cytic leukemia in which the myeloblast is the stem cell. 

The findings in the lymphocytic series were not in accord with 
those of Strumia and Boerner.* These authors state emphatically 
that lymphocytic cells never show lymphocytes. The degree of 
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phagocytosis increased as the lymphocyte grew larger with a cor- 
responding increase in cytoplasm. The leukocytoid lymphocyte of 
infectious mononucleosis showed the greatest phagocytic activity. 
However, the number of cells of the lymphoid series showing 
phagocytic activity was very small as compared with the granulo- 


TABLE I 


Summary of Data from 26 Experiments 


Number of Number with Percent- a ae 
cells bacteria age per cell 

Polymorphonuclear 

neutrophiles 1478 1363 92.0 17.90 
Basophiles 150 ° 
Eosinophiles 224 181 84.80 II.19 
Metamyelocytes 387 263 67.0 15.30 
Eosinophilic 

metamyelocytes 56 22 39.27 10.17 
Myelocytes 484 197 40.0 5.90 
Eosinophilic 

myelocytes 69 25 36.21 9.84 
Promyelocytes 370 40 10.80 4.52 
Leukoblasts 487 14 2.80 5.07 
Myeloblasts 659 I 0.15 1.0 
Histoid stem cells 

(reticuloendothelial) 30 14 46.66 6.21 
Monocytes 150 114 76.0 16.09 
Monoblasts II5 5 4.35 6.80 
Histoid monoblasts 

(reticuloendothelial) 141 53 37.69 3.89 
Lymphoid stem cells 

(lymphatic leukemia) 15 ° 
Immature lymphocytes 267 ° 
Small lymphocytes 1616 19 1.17 2.63 
Mesolymphocytes 1068 22 2.06 6.27 
Large lymphocytes 604 45 7.45 4.44 
Leukocytoid lymphocytes 408 49 12.0 11.44 
Plasma cells 10 ° 
Reider lymphocytes I I 2.0 


cytes. Downey ® states that the small lymphocyte is a relatively 
undifferentiated cell. The work of Maximow,'® Bloom,'! Parker 
and Rhoads," and Pierce,’ would indicate that the small lympho- 
cyte is a cell of various potencies and is capable of enlarging and 
differentiating toward phagocytic macrophages. Hence one can 
conclude from the findings in this study that lymphocytes, even in 
their prephagocytic stage, may occasionally show some phagocytic 
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activity under experimental conditions. This tendency appears 
more marked in the leukocytoid lymphocyte of infectious 
mononucleosis. 

These experiments would indicate that phagocytosis is a physio- 
logical process not confined to any one type of cell. Certain cells 
such as eosinophiles and lymphocytes which ordinarily show no 
phagocytic activity may under experimental conditions become 
phagocytic. The maturity of the cell is an important factor in 
determining its phagocytic ability. 


SUMMARY AND CONCLUSIONS 


1. The phagocytic activity of the leukocytes from 17 cases of 
leukemia, 3 cases of infectious mononucleosis, 4 cases of lympho- 
cytosis, and 2 cases of eosinophilia were investigated. Staphylo- 
cocci and streptococci were used as test particles. 

2. The mature polymorphonuclear neutrophiles showed the 
greatest amount of phagocytosis both as to the number of bacteria 
ingested per cell and as to the percentage of cells engulfing bac- 
teria. The monocytes, eosinophiles and metamyelocytes were also 
actively phagocytic. 

3. The phagocytic activity of the myelocytes, promyelocytes, 
leukoblasts and myeloblasts appears to be directly proportional to 
the maturity of the cell as there was a marked decrease in phago- 
cytosis in the more immature forms. 

4. An exception was found in the histoid stem cell and histoid 
monoblast of leukemic reticuloendotheliosis as these immature 
cells showed an unusual degree of phagocytosis. 

5. Phagocytosis was observed in a small per cent of mature 
lymphocytes. The degree of phagocytosis increased as the cell 
grew larger with a corresponding increase in cytoplasm. The 
leukocytoid lymphocyte of infectious mononucleosis showed the 
greatest phagocytic activity. Hence, lymphocytes in their pre- 
phagocytic stage may occasionally show phagocytosis under ex- 
perimental conditions. 
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DESCRIPTION OF PLATE 


PLATE 138 


Fic. 1. Mature monocyte from myelogenous leukemia showing phagocytosis 
of staphylococci. X 1800. 


Fic. 2. Eosinophiles from eosinophilia showing phagocytosis of streptococci. 
X 1500. 

Fic. 3. Small mature lymphocyte from lymphatic leukemia showing phago- 
cytosis of streptococci. X 1500. 


Fic. 4. Large mature lymphocyte from infectious mononucleosis showing 
phagocytosis of streptococci. X 1800. 


Fic. 5. Leukocytoid lymphocyte from infectious mononucleosis showing 
phagocytosis of streptococci. 1800. 


Fic. 6. Histoid stem cell from leukemic reticuloendotheliosis showing phago- 
cytosis of staphylococci. X 1800. 
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LYMPH NODE METASTASIS OF SARCOMA * 


WarrEN, M.D., Ropert W. Meyer, M.D. 


(From the Pathological Laboratories of the Collis P. Huntington Memorial, 
New England Deaconess and Pondville Hospitals, and the Depart- 
ment of Pathology, Harvard Medical School, Boston, Mass.) 


INTRODUCTION 


A few instances of metastasis of sarcoma by lymphatics, pre- 
ceding or even with evidence of blood-borne metastasis, occurring 
among our cases have raised the question of the importance of this 
method of dissemination. Because the completeness with which 
various groups of cases are presented in the literature varies so 
greatly, it is impossible to draw any conclusion as to the frequency 
of lymphatic metastasis by considering the cases here reviewed as 
a whole. Many reports of sarcoma were examined in the hope that 
there might be mention of lymphatic metastasis; often simply the 
death of the patient was recorded without specific mention of the 
presence or absence of metastasis. However, a few large series by 
individual authors mention metastasis specifically. 


REVIEW OF THE LITERATURE 


Kiittner ' reported 740 cases of sarcoma, including myelogenous 
sarcoma and lymphosarcoma but not melanoma, 326 of which had 
been followed, and stated: “Die regionaren Driisen sind prinzipiell 
zu entfernen, da von 132 Metastasen 79 auf dem Lymphwege 
erfolgten.”” The high incidence of lymphatic metastasis in this 
series is undoubtedly due to the inclusion of lymphosarcoma and 
leukemia, which vitiates the figures. 

Seitz and Wintz ” reported 16 cases of sarcoma, 1 a melanoma. 
In but 1 case (Case 1) was lymph node metastasis proved; in 2 
additional cases (Case 4 and Case 13) the primary sarcoma was 
proved and lymph node metastasis probable; in 2 more lymph 
node metastasis was probable but the nature of the primary tumor 
was uncertain. 

Seyerlein and Holzel * wrote: “Wir halten gerade bei Sarkom die 

* Read in part before the meeting of the American Association of Pathologists 


and Bacteriologists, Atlantic City, N. J., May 3, 1938. 
Received for publication May 10, 1938. 
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prophylaktische Bestrahlung fiir angezeigt, . . . weil wir wissen, 
dass das Sarkom sich nicht allzu selten auf dem Wege der Ge- 
websspalten und Lymphbahnen ausbreitet.” Omitting 7 cases 
diagnosed as lymphosarcoma, and 3 of melanoma (1 of them so 
reported; in 2 others a dark tumor is mentioned), 60 cases of 
sarcoma were reported by the authors. There was swelling of the 
lymph nodes in 8 cases with microscopically proved tumors, and 
in 2 additional cases also where there was no microscopic exam- 
ination. Of the 8 cases 4 were polymorphocellular, 1 polymorpho- 
and spindle celled, 1 round celled, and 2 were not specifically 
mentioned. In only 1 case, that of round celled sarcoma, was 
microscopic examination of the lymph nodes specifically men- 
tioned. None of these cases is described as that of fibrosarcoma. 

Among 69 cases of “giant cell sarcoma of bone” Coley * men- 
tions 1 case with lymphatic metastasis. A giant cell sarcoma of the 
lower third of the femur was treated by curettage followed by am- 
putation. The patient remained well for 11 months and then de- 
veloped metastases to the iliac lymph nodes and lung, which 
proved fatal. The fact that lung metastases may remain asympto- 
matic for relatively long periods makes it impossible to determine 
with the data available whether the lung metastases arose from 
the original tumor or from the lymphatic involvement. 

Schreiner ° reports one lymph node metastasis among 8 cases. 
Following removal of a uterine “myoma malignum” there was 
recurrence with metastases to the mesentery, aortic lymph nodes 
and ribs. He includes a microphotograph of one of the metastatic 
nodules removed at autopsy. In response to our inquiry Dr. 
Schreiner very kindly reviewed the slide from which the micro- 
photograph was made, also the autopsy notes, and writes that it 
was believed to be from a mesenteric lymph node. 

Meves * reports a series of cases in which are included 59 osteo- 
genic sarcomas, 8 of which are specifically mentioned as having 
metastases, 2 of them in inguinal lymph nodes; 1 of these was a 
polymorphic spindle cell sarcoma of the tibia, the other was a large 
celled, mixed cell sarcoma of the calcaneus. The first of these 2 
patients died during treatment; amputation, radiation and re- 
moval of the inguinal nodes in the second patient were followed 
by death 1 year and 2 months later. In this same series are in- 
cluded 45 cases of sarcoma of the soft parts, in 14 of which specific 
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mention is made of metastasis, 5 showing lymph node involvement. 
In 1 of these disarticulation of a finger, because of a polymorpho- 
cellular sarcoma, was followed a year later by axillary node 
metastasis; death occurred in 3 months in spite of radiation. An- 
other patient presented an inoperable polymorphocellular sarcoma 
of the skin of the abdomen with massive lymph node and cutaneous 
metastases; death occurred within the year. A sarcoma of the leg 
was removed from another patient by operation and the inguinal 
node metastases radiated; a year later there was recurrence in the 
inguinal nodes and the patient died 14 days after admission to 
the hospital. A patient with an inoperable spindle cell sarcoma of 


Taste I 
(Adapted from Leucutia’) 


Number Histological diagnosis Origin Extent of metastases 
8 Leiofibrosarcoma Aortic wall Abdominal nodes 

43 Angiosarcoma Sclerae Later metastases to lymph 
nodes and chest 

57 Myxosarcoma Abdominal wall} Abdomen, inguinal nodes 

66 Large spindle cell sarcoma | Neck Lymph nodes 

83 Fibrosarcoma Finger Axillary nodes 

88 Spindle cell sarcoma Thigh Distant lymph nodes 

32 Spindle cell sarcoma Breast Regional nodes and medi- 
astinum 

16 Spindle cell sarcoma Maxilla Entire face, nodes and neck 

g2 Spindle cell sarcoma Sole Lymph nodes, skin and 
lungs 

67 Spindle cell sarcoma Thigh Mediastinum 


the foot with inguinal node metastases, operated on and radiated, 
died a year later. Another individual with a round cell sarcoma of 
the ileocecal region with large nodal metastases died 3 months after 
resection. (This was probably some form of lymphoma.) For the 
sake of completeness it may be mentioned that Meves also lists 
19 cases of sarcoma of the glandular organs, in none of which is 
there specific mention of lymphatic involvement. He further re- 
ports 2 cases of lymph node involvement (1 microscopically 
proved) which are not included in the list. 

Leucutia ‘ in a tabulation of 101 sarcomas of the soft parts in- 
cludes the above cases with lymph node involvement. (We have 
omitted his “round cell” sarcoma.) 
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It will be noticed that in the ro cases listed 1 is included in 
which there is mention of mediastinal metastasis only, with no 
mention of lymph nodes; it is included because of the likelihood 
that this metastasis was actually to the mediastinal nodes. Of the 
IOI cases, some of which must have been lymphoma, 42 showed 
metastases; its occurrence was not known in 6. Of the cases 
with metastases almost one-fourth had lymph node metastasis, 
and one-tenth had lymph node metastasis only. The fact that 2 
cases with lymph node metastasis survived 6 and 5.9 years empha- 
sizes the lack of specific mention of histological proof of the 
metastasis. 

Thibaudeau and Kress * found in 42 cases of myxosarcoma 2 
with metastasis to the regional nodes. 

Meyerding, Broders and Hargrave® report: “Invasion of 
regional or distant lymph nodes is an occasional feature of fibro- 
sarcoma. Mediastinal, bronchial, and retroperitoneal lymph nodes 
are at times involved. . . . Of the cases in this series (152 with 
available pathologic specimens, diagnosed fibrosarcoma, of which 
138 had complete histories) there were five instances of involve- 
ment of regional lymph nodes; two of these cases involved the 
axillary, and three the inguinal lymph nodes.” 

Willis *° includes a large group of reported cases of lymph node 
metastases of rhabdomyosarcoma, leiomyosarcoma, bone sarcoma, 
myxoliposarcoma, and malignant synovial tumors, citing 33 refer- 
ences in all. He reports 2 such cases from his own group of 14 
sarcomas. A 55 year old female (Case 218, reported by King) 
had a toe amputated for tendon sheath synovial sarcoma; within 
a few months enlarged inguinal nodes appeared and progressed to 
a large ulcerated tumor in spite of X-ray therapy. Autopsy 20 
months later showed tumor deposits in the iliac and lumbar nodes 
but no visceral metastases. The diagnosis was: “Highly anaplastic 
polymorphic and giant-celled growth quite unlike the recognizably 
synovial neoplasm in the amputated toe.” At autopsy of a 21 
year old male a large round celled sarcoma of the soft tissues of 
the supraspinous fossa of the scapula was found to have metasta- 
sized to the lungs, mediastinal lymph nodes, ribs, many vertebrae 
and base of the skull. 

Kolodny *' states: ‘The idea that the blood stream is the only 
path of spreading of metastases in sarcoma does not hold true in 
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malignant tumors of bone.” Further, “Spreading of tumor metas- 
tases through lymphatics is infrequent. It is obvious that a met- 
astatic involvement of regional lymph nodes in malignant bone 
tumors means more as an indication of generalization than in carci- 
noma. An occasional simple lymphadenitis in malignant bone tu- 
mors should be clearly distinguished from a metastatic involvement 
of the nodes. Such a lymphadenitis is usually found following an 
infection after ulceration of the tumor or after an exploratory in- 
cision. However, an inflammatory reaction in the regional lymph 


Taste II 
Frequency of Lymph Node Metastases of Sarcoma 
Total number of 
: Per cent of 
f t) Cases with lymph 
lymphosarcoma) 
Seitz and Wintz* 15 5 333 
Seyerlein and Hdlzel* 60 8 13.3 
Coley * 69 I 1.4 
Schreiner ° 8 I 12.5 
Meves ° 123 7 5.6 
Leucutia IOI 10 9.9 
Thibaudeau and Kress ® 42 2 48 
Meyerding, Broders and 152 5 3.3 
Hargrave 
Willis *° 14 2 14.0 
Total 584 41 7.0 


nodes is also encountered when there is no ulceration present.” 

Among scattered cases of sarcoma metastatic to lymph nodes 
may be mentioned 2 reported by Coley.’* A 48 year old female 
(Case 18) had a spindle celled sarcoma of the left thigh with evi- 
dence of involvement of the inguinal nodes. Case 19 was that of a 
29 year old male who after removal of a tumor of the spermatic 
cord had speedy metastasis of a round celled sarcoma (probably 
embryonal carcinoma) in the inguinal nodes. 

In an extensive review of tumors of the heart, including about 
40 cases of primary sarcoma, Goldstein ** cites a report by Escher 
(1909) of round cell sarcoma of the heart with metastasis in 
tracheal lymph nodes and suprarenal in a 72 year old female. 
Omitting carcinoma, lymphosarcoma and melanoma, there is only 
1 other case cited from the literature in which lymph node me- 
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tastasis is mentioned. He states further: “Perlstein reports an 
interesting case of mediastinal mixed-celled sarcoma, affecting the 
pericardium. . . . There were metastases in the pleura and medi- 
astinal lymph nodes.” 

Antonow * presents the case of a 21 year old female showing at 
operation a nodular tumor, about 7 cm. in diameter, involving the 
stomach, with nodules in the gastrocolic ligament and duodenum. 
The tumor extended to the tail of the pancreas and the retroperi- 
toneal tissue. The regional nodes, removed with the leiomyosar- 
coma, were proved histologically to be involved. D’Aunoy and 
Zoeller }° reviewed the literature of sarcoma of the stomach and 
added 4 cases, of which 2 showed lymph node metastasis, 
only 1 histologically proved (sarcoma). Both these cases suggest 
lymphoma. 

In Cohen’s ** case, ‘Necropsy revealed a primary leiomyosar- 
coma of the left kidney with metastases to both lungs, right kid- 
ney, suprarenal glands, ileum, mediastinal and mesenteric lymph 
nodes and brain.” 

Raiford,’* while describing tumors of the small intestine, writes: 
“These sarcomas (of the small intestine) do not metastasize as 
readily as carcinomas. When metastasis does occur, the mesenteric 
glands are most frequently involved first, after which secondary 
invasion may reach the liver or lungs.” He gives no evidence for 
this statement. 

Greenblatt *® reports the case of a 74 year old female who had 
carcinosarcoma in the skin of the left breast. Two months after 
local excision swelling appeared in the left axilla. Two somewhat 
enlarged lymph nodes were removed and diagnosed as fibrosar- 
coma. Husted ** reports the case of a breast tumor, first diagnosed 
as fibro-adenoma. It recurred and was removed twice, finally me- 
tastasizing to the axillary and supraclavicular nodes; biopsy of 
the nodes showed a round cell sarcoma. 

Dyke *° reports a case of giant cell tumor of the patella and 
femur with metastases to the mediastinal and peritoneal lymph 
nodes, scalp, lungs and kidneys. At autopsy the metastases 
showed necrotic and fibrous tissue with foci of giant cells. 

Hall ** reports the case of a malignant hemangioma of the lung 
in a 40 year old female who died following hemorrhage into the 
right pleural cavity. Lymph node metastases were found. 
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Mallory ** reports a case of “leiomyosarcoma of the distal third 
of the esophagus with extension into and ulceration of the medi- 
astinal lymph nodes. . . . The tumor had spread through the 
esophageal wall and involved a group of mediastinal lymph nodes 
on the anterior surface of the esophagus just behind the peri- 
cardium which were greatly enlarged to a mass six or seven centi- 
meters in diameter.” 

McFarland ** states: “Metastasis may take place through the 
blood or lymph and may occur in the usual distribution — liver, 
lungs, lymph nodes — but sometimes, as in Wainwright’s case, the 
distribution is perplexing.”” In Wainwright’s case there was me- 
tastasis in the neck (not specifically mentioned as occurring in 
the lymphatics; a microphotograph is included) and, he states, 
“Although there were two other metastatic tumors removed sur- 
gically, the patient was alive twelve years after hysterectomy.” 
He also states: “One of Dr. Tracy Mallory’s patients, in the 
Massachusetts General Hospital, had a primary nodular tumor of 
the duodenum with invasion of the regional lymph nodes.”’ No 
reference is given for either of these cases. 

Melnick ** reported generalized primary angiosarcomatosis of 
the lymph nodes in a 64 year old white male. Biopsies of four dif- 
ferent lymph nodes revealed angioblastomatous tumor, fairly well 
encapsulated, and “apparently independent of the lymphatic tissue 
or the reticulo-endothelial apparatus.” 

Charache * reports the case of a 44 year old male who hit his 
thigh; a week later a tumor appeared, which was removed 6 months 
later at another hospital. In spite of X-ray treatment the wound 
did not heal. Autopsy 3 weeks after the patient was seen revealed 
a “rhabdomyosarcoma of the left thigh with metastases to the 
lungs, pleura, pericardium, liver, kidneys, and inguinal, tracheal, 
aortic lymph nodes, skin.” 

Elmer and Boylan ** report a sarcoma arising after a fracture 
of the neck of the femur in a 52 year old male and state: “Evi- 
dences of new growth were found in the lungs, liver, lymph glands, 
ribs, and cervical vertebra. These findings pointed to a mixed 
chondroma such as a myxochondrosarcoma.” 

Rehbock and Hauser *’ report a case (Case 1) that they re- 
garded as liposarcoma which involved lymphatics with metastases 
to lymph nodes as well as generalized metastases. 
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The 19 year old male patient of Fayein’s ** had right axillary 
and subclavian adenopathy which regressed with radiation, but 
metastases to the right arm and breast and neurological symptoms 
in both legs followed. He became dyspneic and died. The his- 
tological interpretation was considered questionable, but carcinoma 
was ruled out and malignant melanoma was thought unlikely. The 
case is described as one of polymorphous sarcoma with multiple 
metastases. No mention is made of the possibility of lymphoma. 


REVIEW OF OUR CASES 


Including fibrosarcoma, myxosarcoma, liposarcoma, osteogenic 
sarcoma, definitely malignant leiomyosarcoma, and rhabdomyo- 
sarcoma, but excluding lymphosarcoma, carcinosarcoma, sarcoma 
of endometrial stroma, and melanotic sarcoma, there are in a total 
of 237 sarcomas we have studied 17, or 7 per cent, which have been 
proved to have metastasized to lymph nodes. All but 3 of these 
were proved before death. There were in addition 5 cases in which 
the clinical diagnosis specifically included metastasis to lymph 
nodes, and 3 others in which it included metastasis to the groin. 
The cases with histologically proved lymph node metastasis are 
summarized in Table III. 

Of the 17 patients with lymph node metastasis only 5 are living, 
1 for 6 years since radical removal of a chest tumor (first recur- 
rence) and involved axillary glands (he has recently developed a 
palpable liver); 1 for 2 years following radical dissection of iliac 
glands, 3 months after the third removal of a tumor of the leg; 
another for 2 weeks after removal of a metastatic inguinal node; 
1 for 2 weeks following removal of a cervical node after three 
recurrences of the nasopharyngeal primary lesion; and the 5th 19 
months since excision of a submaxillary node showing fibrosarcoma 
(a lesion on the lip was excised 6 months previously and pathologi- 
cal examination showed no evidence of malignancy). 

A radical dissection for removal of lymph nodes was done in 5 
cases; 2 patients are living and 3 are dead. In 1 of the latter a groin 
dissection was done 2 months after the fourth removal of a tumor 
over the sacrum; the patient died 4 months later. In another a 
forearm amputation combined with dissection of the axilla was the 
first operation, but the patient died a year later. In the last, radi- 
cal mastectomy permitted survival for 114 years. 
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In 8 of the cases, in addition to removal of the tumor at the 
original site, there was excision of lymph node or nodes without 
radical dissection, followed by either radium or X-ray in 3. One 
of the non-irradiated patients survived for 8 months (X-ray was 
tried terminally) and the other is still alive. The others died 
within 4 months, 3 months, and 2 months. 

In the 14 cases with surgical removal of lymph nodes, those on 
whom a radical dissection was done survived for a longer period 
than those on whom there was simple excision of the involved 
node. Two of 5 individuals are alive (for 6 years and 23 months 
respectively), and the other 3 who died survived an average of 11 
months after removal of involved nodes; as compared with 3 out 
of 8 alive and an average survival period of about 4 months for 
the dead. Of the 5 patients on whom a radical dissection of 
lymphatics was done, the lesion was in an extremity in 2, while in 
the 8 in which simple excision was done the tumor arose in an 
extremity in 3 cases. Exclusive of the single case of amputation 
in each group (both individuals died) there were no recurrences in 
the group with radical dissection, and 2 cases of recurrence in the 
group with excision of the involved lymph node only. In the first 
group the number of operative interferences before the patient 
was seen at the hospital were 3, 3, 2, 1 and o; while in the latter 
group they were 14, 2, 3, 1, 1, 1,0 ando. 

One additional case of fibrosarcoma metastatic to the lymph 
nodes has been sent to this laboratory for pathological diagnosis 
(36-1183); it has not been included among our own hospital cases 
but is mentioned here.* A 48 year old female complained of 
uterine bleeding at intervals for 6 months, pain and progressive 
swelling of the abdomen, and frequency. The abdomen was found 
to be of a size consistent with a 7 months pregnancy, and vaginal 
examination showed a large mass thought to be the uterus. Lapa- 
rotomy revealed a hard, nodular, somewhat friable, very vascular 
solid tumor about 25 cm. in diameter, with the transverse colon 
attached over the anterior surface. Exploration resulted in con- 
siderable bleeding. The origin of the tumor seemed to be from the 
retroperitoneal space and there was no apparent attachment to 
the tubes or ovaries; removal was impossible, but a lymph node 


* We wish to thank the Sturdy Memorial Hospital, Attleboro, from which the 
specimen was received, for details of the history. 
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was removed. The patient died 12 hours later. At autopsy the 
biopsied lymph node was replaced by fibrosarcoma. 


DISCUSSION 


Lymphatic metastasis of sarcomas (exclusive of melanosarcoma 
and lymphosarcoma and related forms) has been recognized by 
many, but few references have been made to prophylactic dissec- 
tion of lymph nodes. The incidence of lymphatic metastasis of the 
sarcomas here presented agrees roughly with the average incidence 
of such metastases (7 per cent) among the reported groups of 
cases that have been reviewed, being 7 per cent (histologically 
proved cases) and probably ro per cent (clinical evidence in- 
cluded) in this series. The importance of treating such metastasis 
is proved by the fact that in one instance the patient is still living 
6 years after removal of involved nodes; in another with a 2 year 
survival period the proximal nodes were negative and the more 
distant ones showed metastasis. Both groups of nodes were re- 
moved 2 months after removal of the last recurrence. In contrast 
with the latter case is one in which lymph node involvement was 
noted 3 months after excision of the tumor; the patient finally had 
the metastatic mass excised 10 months after he first noticed it; it 
recurred in 6 months, and it was not until another 6 months that 
he came to the hospital with an ulcerated mass in the groin and 
lung metastases. He died 3 months later from local hemorrhage. 
In this case, in spite of the fact that the lung metastasis must have 
progressed slowly, since it was not the cause of death 3 months 
after being recognized, the lymphatic metastasis almost certainly 
preceded it. Had a prophylactic dissection been performed, the 
course of the disease might possibly have been altered. The 3 cases 
in which lymph node metastasis was proved only at postmortem 
examination would seem to confirm Kolodny’s statement that such 
metastasis is a more serious prognostic sign than that from 
carcinoma. 

Even though the number of cases be too small to suggest that 
lymphatic dissection be done coincident with every excision, it does 
seem to allow the interpretation that such dissection should be 
done whenever feasible if an operation as serious as amputation or 
radical excision is being considered. 
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SUMMARY AND CONCLUSIONS 


1. Lymph node metastasis occurs in 5 to ro per cent of all hos- 
pital cases of sarcoma (exclusive of melanosarcoma, lymphosar- 
coma and clinically benign leiomyosarcoma of the uterus). 

2. Seventeen cases of microscopically proved lymph node me- 
tastasis are presented.* 

3. One patient is now living 6 years after removal of involved 
nodes. 

4. Lymph node dissection with radical operation for removal 
of a sarcoma may improve the prognosis 5 to ro per cent and may 
be valuable even after a lymphatic metastasis is clinically evident. 
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DESCRIPTION OF PLATE 


PLATE 139 


Fic. 1. Axillary lymph node showing metastatic fibrosarcoma. Primary focus 
subcutaneous in right abdominal wall. Phosphotungstic acid hematoxylin. 
X 300. 


Fic. 2. Cervical lymph node showing metastatic fibrosarcoma. Primary focus 
in lower lip. Phosphotungstic acid hematoxylin. XX 300. 
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PRIMARY LIPOSARCOMA OF BONE * 


REPORT OF A CASE 


James Durry, M.D., anp Frep W. Stewart, M.D. 
(From the Pathological Laboratory, Memorial Hospital, New York City) 


Primary liposarcoma of bone is sufficiently rare to justify the 
reporting of isolated instances of this disease. The existence of 
liposarcoma of bone was noted by Ewing * at the London Cancer 
Congress of 1928. One of the authors ” reported in detail 3 cases 
from this hospital, 2 of which had formed the basis for Ewing’s 
tentative recognition of the disease, the other case having ap- 
peared after the Congress report. 

The tentative recognition of these tumors as liposarcomas was 
criticized by W. G. Barnard.* He states that “case 2 appears to 
be a polymorphous-cell sarcoma in which some of the cells have 
taken up fat.” The authors do not recognize the term “poly- 
morphous-cell sarcoma” as other than purely descriptive since it 
implies nothing as to histogenesis, fundamental nature and pre- 
sumptive clinical course. It has long been our effort to avoid such 
terms whenever possible. Barnard’s criticism suggests a lack of 
familiarity with the alveolar lipogenic tumors of soft tissue. 
Fender * reported a liposarcoma with certain alveolar tendencies 
although he makes no claim for its origin in bone but believes that 
it arose at least in close proximity to the fibula. An additional 
case was reported by L. Barnard® and two others by Rehbock 
and Hauser.® 

We have, therefore, 1 case of questionable bone origin and 6 
where the origin in bone seems reasonably well established. The 
present case appears to be the 7th. The report of this last tumor 
has been deliberately delayed until the lapse of five years from 
first admission to the hospital in order that any peculiarities in the 
clinical course might be observed. It will be remembered that the 
original cases from this hospital ran clinical courses that seemed 
to place them in a special category apart from the usual sarcomas 
of bone. 


* Received for publication June 7, 1938. 
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REPORT OF CASE 


Clinical History: M.Q., male, aged 49 years, applied to the Memorial Hos- 
pital on March 28, 1933. His family and past history were irrelevant. He 
dated his present illness to a fall, sustained on Nov. 23, 1932. He stated that 
while carrying a load of 100 pounds he had slipped. He was admitted to an- 
other hospital where radiographs disclosed a fracture of the lower portion of 
the shaft of the left femur. The patient was treated for this fracture and on 
Jan. 7, 1933 was discharged with a supporting splint. 


Although intermediate films are not available for study it would 
appear that healing was imperfect. Pain persisted and shortly 
before entering the Memorial Hospital the patient sustained a 
second fracture while lying in bed. Films taken the day following 
admission revealed a pathological fracture through the lower third 
of the left femur with extensive displacement. The bone tissue in 
the region of the fracture had a “rotten wood” appearance. There 
was a large soft tissue mass surrounding the site of fracture and 
at the periphery of the mass evidence of calcification. The differ- 
ential diagnosis lay between a primary medullary tumor of bone, 
i.e., plasma cell myeloma, and a metastatic carcinoma. No evi- 
dence of metastases appeared in films of the lungs. No other 
primary site of tumor was demonstrated. 

It was decided to amputate the extremity. This may seem an 
unusual decision in view of the tentative diagnosis of myeloma but 
experience has shown that the bulky myeloma, through which 
fracture has occurred, does not do well with roentgen therapy. 
The tissue is usually reduced to a hemorrhagic cellular mass, often 
mainly blood clot, and the reaction essential to regression of tumor 
under X-ray proceeds very poorly under such circumstances. The 
fracture persists and isolated myelomatous areas remain through- 
out the hemorrhagic residue. 

Amputation at a level 14 cm. below the uppermost point of the 
great trochanter was done on April 3, 1938. This level was well 
above the area of change demonstrated by radiographs. Conva- 
lescence was rapid and uneventful and within 3 months the patient 
was using an artificial limb. 

Nine months after the amputation an enlargement of the stump 
was noted. The tissue was aspirated and a diagnosis of recurrent 
tumor was made. The stump recurrence was irradiated through 
three portals, anteriorly, posteriorly and laterally, giving 2000 r, 
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in 500 r doses through each portal. Reddening and superficial 
desquamation resulted and the recurrent mass showed considerable 
regression. It became fluctuant and some 300 cc. of bloody fluid 
were aspirated. The lung fields remained clear and no bone de- 
struction could be demonstrated in the femoral stump. In Febru- 
ary of 1934 tissue destruction was noted on the lateral aspect of 
the stump and persistent disease was palpable in the deeper tis- 
sues so additional radiation was given to two fields, anterior and 
posterior, totalling 1500 r per portal in 500 r doses. A biopsy in 
June 1934 showed no evidence of residual disease. By July 1934 
the combination of heavy radiation and careless stump hygiene 
had resulted in considerable necrosis both anteriorly and pos- 
teriorly over the stump. The bone began to protrude and the in- 
fection spread. It was thought moreover that deep disease was 
present. Further radiation was impossible and a trial of Coley 
toxin was suggested. Toxin was given for 1 month, from Oct. 8, 
1934 to Nov. 17, 1934, and from Nov. 30, 1934 to Dec. 22, 1934. 
This treatment was resumed in January and continued throughout 
the month. Constitutional reaction was moderate. 

On Feb. 1, 1935 the femoral stump was disarticulated. The 
healing was incomplete and Reverdin grafts were necessary. Four 
months later the patient developed cough, with yellowish white 
sputum, occasionally blood-tinged. Radiographs of the lung fields 
showed for the first time evidence of metastasis. The metastatic 
deposit consisted of a single, bulky, sharply outlined round mass 
in the hilar area on the left. The mass measured 9 cm. in diameter. 
The mass was treated by radiation, through three portals, 500 r 
daily until each portal had received 1500 r. Toxins were con- 
tinued, each course being conducted in such fashion that a reaction 
would be obtained every few days for a period of a month, after 
which a rest period of 2 to 3 months would intervene, to be fol- 
lowed by a continuation of the toxins. This treatment has been 
continued to date. 

Following either the radiation or the toxins, or both, the lung 
metastasis regressed. It measured 9 cm. in diameter on Aug. 28, 
1935. By Jan. 23, 1936 it measured 5 cm. in diameter. Six months 
later the size had decreased somewhat more and there was a very 
noticeable decrease in the density. In January 1938 no definite 
mass could be made out but the region showed considerable fibrosis 
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not incompatible with roentgen pneumonitis. The general condi- 
tion of the patient remains excellent. He has gained much weight 
and weighs more without his leg than he did on admission with the 
extremity present. 

In other words, the entire clinical course of this tumor is unusual. 
Its natural history and response to treatment are not consistent 
with the usual medullary sarcoma of bone, nor can they be recon- 
ciled with a metastatic tumor. The apparent radiosensitivity coin- 
cides with previous observations on tumors of the liposarcoma 
group. 

The peculiarity of the tumor became immediately evident from 
the gross examination. The tissue was soft, grayish yellow, lobu- 
lated, and revealed a coarsely fascicular structure, resembling a 
medullary fibrosarcoma of bone. The location, however, was dis- 
tinctly unusual since such tumors tend strongly to occur at the 
extremities of the long bones. This tumor occupied the lower 
shaft, centering 11 cm. above the articular surface (Fig. 1). 
About 5 cm. of shaft were filled with rather sharply circumscribed 
tumor. A pathological fracture had occurred approximately in the 
center of the tumor-bearing area, the cortex was perforated and a 
sharply outlined, lobulated tumor had mushroomed out into the 
surrounding tissue, displacing muscles and an abundant deposit 
of extraperiosteal fat tissue. There were areas of bright yellow 
necrosis in the tumor. Extending up the shaft of the femur were 
irregular islands of glistening, opaque, grayish, mucoid-like tumor. 
A slight degree of callus production had occurred along the line of 
pathological fracture. There were foci of necrosis in the surround- 
ing muscles. These were evidently the result of the trauma of 
fracture. 

Microscopically the main tumor consists of interlacing spindle 
cells resembling those seen in medullary fibrosarcoma of bone 
(Fig. 2). They tend, however, to be a trifle more blunt in some 
areas than cells of the usual fibrosarcoma of bone. Their cytoplasm 
is more acidophilic and were the tumor one of soft tissues one 
would have strongly considered the possibility of muscle origin. 
The nuclei are largely centrally placed. The cells differ moderately 
in size and shape; mitoses are abundant and some few are atypi- 
cal and multiple. Hyperchromatism of the large ovoid nuclei is 
marked. 
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Staining for fat droplets revealed none in the spindle cells mak- 
ing up the bulk of the tumor. Only in the irregular islands of 
tumor in the medullary portion of the shaft above the main mass 
is it possible to trace the histogenesis of the lesion. In these areas 
there is a low grade chronic inflammatory reaction in the marrow 
fat tissue, characterized by diffuse and nodular lymphocytic in- 
filtration, the presence of scattered large adult fat cells surrounded 
by many smaller young fat cells (Figs. 3, 4) with numerous fine, 
foamy droplets which take fat stains. In the adult fat cells the 
nuclei occupy the usual peripheral position. In the small vacuo- 
lated foam cells the nuclei are either peripherally or more centrally 
placed; some are small, rounded and deeply staining; others are 
larger, occupying from one-third to one-half the diameter of the 
cell. Occasionally the nuclei reach large dimensions and contain 
single large nucleoli as large as the entire nucleus of some of the 
young vacuolated fat cells. In the midst of these rounded or poly- 
hedral fat cells are found fusiform cells which contain hyperchro- 
matic ovoid nuclei. Such cells are obviously neoplastic and yet the 
cytoplasm of the fusiform cells appears vacuolated, thus resem- 
bling that of the fat cells. As the cells become more atypical 
vacuolization is lost, the cytoplasm tends to be rather acidophilic 
and the cell can no longer be identified as arising from fat. 

In our opinion the origin of this tumor is traceable to inflamma- 
tory changes in adult fat. The process is similar, for example, to 
the changes in fat which one occasionally sees in the kidney bed 
and which give rise to lesions that may be classed as true malig- 
nant tumors, or which when present in less obvious form may tax 
the effort of the pathologist to find a precise classification. We 
class the tumor here reported as a primary liposarcoma of bone. 
Adopting the proposed separation of liposarcomas into two types, 
adult liposarcoma and myxoliposarcoma of embryonal structure, 
as suggested by Ewing’ for the liposarcomas of soft parts, the 
tumor would be classed as an adult liposarcoma. The several 
peculiarities which serve to separate this tumor from the usual 
spindle cell medullary sarcoma of bone have been sufficiently em- 
phasized in the clinical discussion. Since evidence has gradually 
accumulated over a period of years, which may indicate a rela- 
tion between trauma, especially when repeated, and the develop- 
ment of liposarcoma of the adult type, the question might be 
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raised as to whether or not this tumor could have followed a frac- 
ture. It must be answered in the negative, since, although the 
initial films were not interpreted as showing tumor and the acci- 
dent seems bona fide, a reexamination of these films in the light of 
subsequent events shows that tumor was present at the time the 
first fracture occurred. 
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DESCRIPTION OF PLATES 


PLATE 140 


Fic. 1. Hemisection of lower femur showing pathological fracture through 
the main portion of the tumor, well above the articular surface. 


Fic. 2. Structure of the main tumor. Spindle and giant cell sarcoma. 
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Fic. 3. Adult fat cells and small vacuolated fat cells at the periphery of the 
main tumor. Origin of tumor cells from small young fat cells. 


Fic. 4. A similar area apart from the main tumor. Fusiform vacuolated cells 


arising from fat. 
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SCIENTIFIC PROCEEDINGS OF THE 
THIRTY-EIGHTH ANNUAL MEETING 


OF THE 
AMERICAN ASSOCIATION OF PATHOLOGISTS 
AND BACTERIOLOGISTS 


HELD At ATLANTIC City, 
NEW JERSEY 


May 3RD AND 4TH, 1938 
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BUSINESS MEETING 


THE AMERICAN ASSOCIATION OF PATHOLOGISTS 
AND BACTERIOLOGISTS 


Held in the Music Room, Hotel Chalfonte, 
Atlantic City, N. J. 


May 4th, 1938 


PRESIDENT LONG PRESIDING 


The Secretary presented the nomination of the Council for offi- 


cers as follows: 


President 
Vice-President 
Treasurer 
Secretary 


Incoming Member of Council 


Assistant Treasurer 
Assistant Secretary 


B. McKINLEY 
Cart V. WELLER 
FRANK B. MALLoRY 
Howarp T. KARSNER 
R. CANNON 
FREDERIC PARKER, JR. 
Harotp M. Drxon 


Voted unanimously to elect those nominated. 


Voted to elect the following new members: 


George Packer Berry 
Eugene Clark 
Raymond O. Dart 
Walter B. Davis 
Elbert DeCoursey 
Paul Gross 

Henry Horn 

Walter W. Jetter 
Homer D. Kesten 
John G. Kidd 

Jack D. Kirschbaum 


Louis H. Koplik 
Sidney C. Madden 
Ernst E. M. Mathias 
Leo M. Meyer 
Alexander J. Nedzel 
Clarence I. Owen 
Isabella H. Perry 
Silik H. Polayes 
Edith L. Potter 
Angelo M. Sala 
John A. Saxton, Jr. 
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Robert Schrek John Y. Sugg 

Mark P. Schultz Frederick Summerill 
Gertrude Silverman Robert Tennant 
Kenneth C. Smithburn Robert M. Thomas 
Gabriel Steiner George Z. Williams 


It was also voted to reinstate Dr. George T. Caldwell. 


Voted to accept with regret the resignations of Drs. E. M. 
Eberts, M. Fernan-Nunez, N. MacL. Harris and Leila Jackson. 


Voted to record with deep regret the deaths of Drs. J. E. Bates, 
C. A. Bentz, Louis Gross, O. V. Huffmann, R. H. Jaffé, E. H. 
Kettle, Oskar Klotz, G. F. Laidlaw, J. E. McWhorter, Sigmund 
Pollitzer, H. S. Thatcher, T. T. Walker and C. Y. White. 


The Secretary announced that the next meeting of the Asso- 
ciation will be held at the Medical College of Virginia, Richmond, 
Virginia, April 6 and 7, 1939. 


The Secretary announced that the Symposium for next year will 
be on the subject of Hypertension, and that Dr. Harry Goldblatt 
of Cleveland, Ohio, had been selected as the Referee. 


The Secretary called attention to certain changes in the Con- 
stitution and By-Laws proposed at the meeting last year. 


Voted to adopt the following amendments and alterations to 
the Constitution and By-Laws: 


Amend Article II of the Constitution to replace the words 
“Council of Seven, who shall” by the words “Council, which 
shall.” 

Replace Article 2 of the By-Laws with a new Article 2, to 
read: “The Council shall consist of seven Members elected 
by the Association, and the Secretary and Treasurer ex officio. 
The Members shall be elected for terms of seven years each, 
one Member to be elected annually, and shall not be eligible 
for immediate reelection.” 

Delete Article 3. 

Change Article 4 to Article 3, and Article 5 to Article 4. 

Replace Article 6 with new Article 5, to read: 

“The annual dues shall be determined by the Council.” 

Change Article 7 to Article 6. 


The scientific sessions proceeded as in the following program. 


; : 
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CHEMOTROPISM INDUCED BY STREPTOCOCCUS HAEMOLYTICUS IN LEUKOCYTES 
FROM NORMAL AND IMMUNE ANIMALS. Dale Rex Coman (by invitation), 
Morton McCutcheon and (by invitation) Paul T. DeCamp, Philadelphia, 
Pa. 


Abstract. It is well known that phagocytosis of bacteria by polymorphonuclear 
leukocytes is greatly increased by the presence of specific antibodies (bacteri- 
otropins) in the serum, but it is not known whether such antibodies play any 
part in directing the movement of leukocytes toward the bacteria, that is, in 
chemotropism. A favorable opportunity for obtaining information on this 
question occurred when we found a strain of hemolytic streptococci that only 
weakly and transiently attracted leukocytes of normal rabbits in vitro. If anti- 
bodies play any part in chemotaxis it seemed probable that addition of bacteri- 
otropins would increase the attraction of leukocytes to this strain of organisms. 

This hypothesis was tested as follows: Streptococci from a broth culture, 
after being washed, were transferred on a platinum loop to a glass slide, where 
they dried, forming a clump about 0.5 mm. in diameter. Polymorphonuclear 
leukocytes were obtained from the peritoneal exudate of a rabbit and were 
suspended in plasma from the same animal. A drop of this suspension was al- 
lowed to spread on the slide containing the bacteria. The preparation was 
sealed to prevent evaporation and was observed with the microscope at 37.5° C. 
Two sets of preparations were made; one with leukocytes and plasma from a 
rabbit immunized against the same strain of streptococci, and the other with 
cells and plasma from a normal animal. 

The two preparations were observed alternately and the path of each leuko- 
cyte in the same microscopic field as the bacteria was recorded on paper by the 
use of a drawing ocular. The value of chemotropism was expressed as the 
average number of microns per minute of locomotion toward or away from 
the bacteria. 

In both sets of preparations leukocytes were attracted by the streptococci 
for only a few minutes, and thereafter moved at random. The experiments 
showed no difference in chemotaxis between leukocytes from immunized and 
from normal rabbits. 

Thus, chemotropism to hemolytic streptococci was not altered by using 
plasma and leukocytes from an immune animal, and no evidence was obtained 
that antibodies play a part in chemotropism of leukocytes. 


Discussion 


(Dr. Max B. Lurie, Philadelphia.) Is there any relation between the prin- 
ciple responsible for negative chemotropism and the old idea of aggressins? 

(Dr. Coman.) I have no idea whether there is any similarity between the 
substances that cause negative chemotropism and those substances that were 
termed aggressins. That possibility has occurred to us, but we know little 
about the substances that cause negative chemotropism. I think it is too early 
to draw any conclusions. 
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SEROLOGICAL STUDIES OF CHILDREN BEFORE AND AFTER VACCINATION WITH 
THE SCARLET FEVER StTREPTOcoccus Toxin. Max M. Strumia, Bryn 
Mawr, Pa. 


Abstract. Fifty children between the ages of 5 and 15 years and 5 adults be- 
tween the ages of 18 and 21 years were vaccinated with commercial scarlet 
fever streptococcus toxin and studied serologically before and after the im- 
munization. All showed a positive Dick test before vaccination. The vaccina- 
tion consisted of 5 weekly doses containing respectively 500, 2000, 8000, 25,000 
and 80,000 to 100,000 skin test doses, or a total average of 125,500 S. T. D. 
Agglutination tests against 3 strains of scarlatinal streptococci and antifibrinoly- 
sin determinations against 2 strains of scarlatinal streptococci were carried out 
on all individuals before and after vaccination. In addition, antistreptolysin 
determinations were done before and after vaccination on 37 of the patients. 
Whereas the Dick test became negative in all of the patients after vaccination, 
the other serological determinations showed little or no change. 

The following control series was also studied: 8 normal adults (over a period 
of time similar to the vaccinated group); 20 children with a negative Dick test; 
and 8 cases of streptococcic infection, including 6 cases of scarlet fever. 


Tue Ascorpic Acip CONTENT OF DERMAL INDUCED By DIPHTHERIA 
TOXIN. PRELIMINARY REporT. Calvin C. Torrance, Albany, N. Y. 


Abstract. Studies of the relation of vitamin C to generalized diphtheria intoxi- 
cation have been extended to the dermal reactions induced by the injection of 
this toxin into the skin of 3 representative species of animals. The amount of 
ascorbic acid found in the areas of inflamed skin at various intervals of time 
after the injection of the toxin was compared with that of the uninjected skin 
from the opposite side of the same animal and was found to be relatively dimin- 
ished during the acute phase of the reaction in guinea pigs and rabbits. As the 
lesions healed, the amount of vitamin C increased over that found in the normal 
skin of these animals. When comparable reactions were induced in rats by in- 
jecting 5000 times the amount of toxin used in the more susceptible rodents, the 
marked increase in the vitamin which was observed at 48 hours continued to 
the termination of the experiment. 


Discussion 


(Dr. Esmond R. Long, Philadelphia.) Will Dr. Torrance tell us briefly what 
is the principle of the method by which the ascorbic acid is determined? 

(Dr. Torrance.) The method is essentially that of Bessey and King, which 
was designed to determine ascorbic acid in the tissues, but we have found it im- 
possible to use this method, as it was originally described, because the skin can- 
not be ground in a mortar. The skin is minced with scissors and placed with 
acetic acid in evacuated tubes and heated in the water bath for 20 minutes. The 
tubes are then opened and the contents transferred to a centrifuge tube and the 
supernatant fluid removed. The piece of skin, softened by heating and acid, 
can then be washed 3 times with trichloracetic acid. The pooled washings and 
the fluid in which the skin was heated are titrated with 2, 6-dichlorophenol- 
indophenol. 
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MULTIPLE Virus INFECTION OF INDIVIDUAL Host CEtt1s. Jerome T. Syverton 
and George Packer Berry (by invitation), Rochester, N. Y. 


Abstract. It has been known for many years that an individual host can experi- 
ence several virus infections at one and the same time. The findings reported 
herewith indicate for the first time that several viruses may manifest their char- 
acteristic activities simultaneously within a single host cell. This coexistent 
infection has been demonstrated for the normal cells of the rabbit’s cornea, as 
well as for cells of the virus-induced rabbit papilloma and of the squamous cell 
carcinoma which frequently follows the benign wart. 

The viruses employed were the following: herpes virus, B virus, virus III, 
vaccine virus, Virus myxomatosum and Shope’s papilloma virus. They were 
used in such combination that one of the component viruses in the mixture 
produced an inclusion body in the nucleus, the other virus an inclusion body in 
the cytoplasm. All of the experiments were made on rabbits, domestic or cotton- 
tail. In all, 92 animals were used. The conclusions are derived from the histo- 
pathological findings, the recovery of all of the viruses by animal passage, and 
the identification of each virus by suitable immunological procedures. 

In addition to emphasizing the fact that tumor cells can be infected, or super- 
infected, with extraneous viruses, the findings on coexistent infection of indi- 
vidual host cells throw new light on the host-parasite relationship in virus in- 
fections. This may be significant in connection with the so-called “sparing 
effect” (“interference phenomenon”) of one virus upon another (Thung, 
Salaman, Kunkel, Hoskins, Dalldorf, Findlay, and others). 


Discussion 

(Dr. Berry.) We have been interested in multiple virus infections of indi- 
vidual cells in relation to the so-called ‘“‘interference phenomenon,”’ the “sparing 
effect” of one virus upon another. That one virus strain may influence another 
has been known to workers with plant viruses for a number of years. Recently, 
Hoskins, Dalldorf and Findlay have presented evidence for the same sort of 
thing with animal viruses. How do our findings fit into the picture? There may 
not be any clash. After several viruses have been applied simultaneously to a 
rabbit’s cornea, the vast majority of the cells parasitized show evidence of in- 
fection by but 1 virus — only in occasional cells do several viruses manifest 
their activities simultaneously. On the other hand, almost all the cells of the 
virus papilloma of Shope can be readily superinfected with extraneous viruses. 
Thus, although certain viruses may “interfere” with certain other viruses, this 
phenomenon obviously is not universal. 

(Dr. Peyton Rous, New York City.) Do not these experiments bring up the 
possibility that the behavior and morphology of tumors may be influenced by 
extraneous virus infection? Many transplanted tumors can carry contaminat- 
ing viruses with them. It is conceivable that spontaneous tumors may undergo 
intercurrent infection with viruses that would influence their growth and 
morphology. 

(Dr. Thomas Francis, New York City.) In relation to Dr. Rous’s comment, 
the observation of Findlay seems rather important because he found in mouse 
tumors he could carry the yellow fever virus indefinitely without influencing the 
growth of the tumor. 

(Dr. Calvin G. Page, Boston.) Thirty years ago, in 1908, there was an out- 
break of foot-and-mouth disease near Detroit. The origin of the outbreak was 
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finally traced to vaccine virus imported from a foreign country several years 
previously. This virus had been used for experimental purposes only, but a few 
of the calves inoculated with the virus were not destroyed, as they should have 
been. This incident is an interesting example of 2 kinds of virus existing to- 
gether for a considerable period of time (see U. S. Dept. Agric. Techn. Bull., 
No. 76, June, 1928, 1 and 2. Report of Foot-and-Mouth Disease Commission). 

(Dr. Berry.) In connection with the remarks by Dr. Rous, I may say that 
we have noted that the cells of the virus papilloma of Shope may be superin- 
fected with extraneous viruses very easily. Indeed, the papilloma cells are much 
more readily infected than those of the normal skin. This may be demonstrated 
either by local or intravenous inoculation of the extraneous viruses. Since the 
papilloma cells are young and growing vigorously, this finding is what one would 
expect. As has been pointed out, it has been known for many years that the 
actively growing cells of transplantable, but non-filterable, tumors can carry 
viruses. 

(Question from audience.) May I ask how this work was carried on — with 
viruses injected simultaneously, or was it possible when a virus had established 
itself in a particular tissue to keep it in that particular tissue? 

(Dr. E. L. Benjamin, Evanston.) What staining technic was used? 

(Dr. Syverton.) The histological preparations from which the colored lantern 
slides (Kodachrome) were made were stained by Giemsa’s method. We also 
stained sections with eosin-methylene blue and with phloxine-methylene blue. 

In reply to the question whether we injected the different viruses simultane- 
ously or at different times, we did both. In most instances, however, the 2 or 
3 viruses were introduced simultaneously. In the case of the papilloma virus 
it was obviously necessary to introduce this agent several weeks in advance in 
order to provide actively growing papillomas. 


ORAL PAPILLOMATOSIS OF Domestic Rassits: A Virus-INDUCED DISEASE. 
Robert J. Parsons and John G. Kidd (by invitation), New York City. 


Abstract. Small discrete papillomas are frequent on the oral mucous mem- 
branes of domestic rabbits, usually appearing on the under surface of the tongue. 
Their incidence in the 732 domestic rabbits examined varied widely in different 
groups, being 9.6 per cent in normal rabbits and 42.8 per cent in animals whose 
ears had been tarred. None were present in any of 312 wild cottontails. 

The growths are benign, consisting of a proliferating layer of abnormal, 
stratified squamous epithelium supported on delicate connective tissue papillae. 
Berkefeld V or N filtrates of Tyrode extracts of the papillomas will cause the 
disease on inoculation into the traumatized oral mucous membranes of both 
domestic and cottontail rabbits, and it can be propagated serially with filtrates 
in both species. The filterable agent can be preserved in glycerol for a year at 
least, and it remains active when frozen and dried. Its activity is reduced 
slightly by a temperature of 65°C. for 30 minutes, but 70°C. for 30 minutes 
largely inactivates it, and 75°C. does so completely. A few domestic rabbits 
have been found immune on inoculation with the virus, as the result probably 
of previous infection, since individuals bearing the growths are usually immune. 
Such animals, however, are fully susceptible to the skin papilloma virus (Shope), 
and animals immune to the skin papilloma virus are susceptible to the oral 
papilloma virus. : 

The induced papillomas usually retrogress, but some have persisted for more 
than a year. No tendency to malignant change has been noted. 
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Discussion 


(Dr. Harry S. N. Greene, Princeton.) I should like to ask if the papillomas 
occur on any other mucous surface. 

(Dr. Jerome T. Syverton, Rochester, N. Y.) This is the second virus papil- 
loma of rabbits to be described. Have you observed any instances of this new 
tumor becoming malignant? Does it undergo successive changes over a period 
of time similar to those described by Rous and his associates with the Shope 
papilloma? What is the longest period of time that you have had any of these 
tumors under observation? 

(Dr. Peyton Rous, New York City.) Were there inclusion bodies in the cells 
of this papilloma? 

(Dr. Henry W. Scherp, Rochester.) I was very much interested in the state- 
ment that rabbits which had been tarred had a higher incidence of papillomas, 
and I wonder if Dr. Parsons would care to say anything about the possible 
etiological significance of this fact. 

(Dr. Parsons.) In answer to Dr. Greene, we have attempted to infect every 
available mucous membrane in the rabbit, and have been able to induce papil- 
lomas only on the oral mucous membrane. Most of our inoculations have been 
on the under surface of the tongue. In every animal in which the lesions were 
found they were on the under surface of the tongue, and in a few lesions were 
found also on the lips, the floor of the mouth, or the top of the tongue. We have 
attempted to produce the lesions on the oral mucous membranes of dogs, cats, 
rats and guinea pigs, and in none of them have we been able to obtain lesions, 
nor can we produce the lesions on the skin of these animals, or on the skin of 
rabbits. 

In answer to Dr. Syverton, there were no changes of a malignant nature in 
these tumors. We have had some of them under observation for more than a 
year now. We have attempted to induce malignant changes and have {failed 
to do so. 

Dr. Rous asked about inclusion bodies. In about 1 per cent of the papillomas 
inclusion bodies were found. I did not describe them because they occur so in- 
frequently. Whether they have any relation to this virus disease, or whether 
they are from another virus, we have no idea. 

In answer to Dr. Scherp’s question, I think all one can do is to theorize on 
that. It seems to me that we have shown beyond much doubt that the papil- 
lomas are caused by a filterable agent. I see no reason to suppose that tar con- 
tains that filterable agent. What I think happens is that these animals get tar 
in their mouths as a result of licking the tarred areas of their skin. The oral 
mucous membrane is irritated in the same way that the skin of rabbits is in ex- 
periments in which tarring of the skin is used as a means of localizing the Shope 
papilloma virus from the blood stream. I think the irritation of the mucous 
membrane allows the virus to gain entrance into the epithelial cells. 

(Dr. Syverton.) May I ask if the inclusion bodies found in the 1 per cent of 
papillomas fulfill the requirements for Cowdry’s type A or type B intranuclear 
inclusion bodies? 

(Dr. Parsons.) They are type A acidophilic intranuclear inclusion bodies, 
and have been seen by Dr. Rivers and Dr. Rous. 
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PROPAGATION OF THE VIRUS OF HUMAN INFLUENZA IN THE GUINEA Pic FEtUuws.* 
O. C. Woolpert, F. W. Gallagher and Leona Davis (by invitation), and 
N. Paul Hudson, Columbus, Ohio. 


Abstract. Using a technic previously described, the P. R. 8 strain of influenza 
virus (human) was inoculated intracerebrally into fetal guinea pigs approxi- 
mately 35 to 4o days of age. The virus was found to multiply and disseminate 
widely in fetal tissues. Titers of 10,000 or more, as determined by the mouse 
test, were commonly attained in fetal lungs. Liver and placenta also contained 
good quantities of virus. A 48 hour incubation period was found to be favorable. 
Two series of passages through fetal guinea pigs have been accomplished — one 
of ro transfers, the other of 16, the latter being still in progress. The identity of 
the virus was maintained during passage, as demonstrated by suitable cross 
protection and cross neutralization tests in mice, using the original strain as a 
basis of reference. It was found that the fetal guinea pig could be infected with 
amounts of virus that produced little if any gross response in test mice, and that 
starting with such material one could obtain virus of good titer after 1 or 2 
passages in fetuses. We conclude that the fetal guinea pig is useful as an ex- 
perimental animal for influenza studies and for the production of bacteriologi- 
cally sterile influenza virus in quantity. 


Discussion 


(Dr. James W. Jobling, New York City.) I should like to ask what time 
elapsed between the inoculation of the fetus with virus and its removal to be 
tested. 

(Question from audience.) I should like to ask whether any evidence was 
obtained that in the mother there was any increase or presence of viral antibody. 
I think it is interesting that Dr. Hudson showed the virus may be recovered 
from the blood. Did you find the virus was concentrated more in the red blood 
cells, or did you use whole blood? 

(Dr. Hudson.) The usual incubation period was 2 days, although we have 
used between 2 and 6 days in the fetus. 

We have not studied the antibody in the mother in these cases. We have with 
the vaccinia virus, and find there is a low titer of the antibodies produced in the 
mother, that is, after the fetus has been inoculated with the virus. There is an 
interesting relation between the mother and the fetus and we have worked it 
out chiefly in mice. There seems to be a possibility of infecting the mother by 
inoculation of the mouse fetus. 

Replying to the question of influenza virus in the blood, we used whole blood, 
and have not attempted to identify the virus in any element of the blood. 


THE PATHOLOGY OF EASTERN EQUINE ENCEPHALOMYELITIS IN THE GUINEA 
Pic. L. S. King (by invitation), Princeton, N. J. 


Abstract. Special attention was paid to the pathological findings of the central 
nervous system in the early stages of the disease before symptoms were ap- 
parent. After subcutaneous inoculation of the virus the typical lesion is an 
isolated, fairly well circumscribed focus of polymorphonuclear leukocytes found 
principally in the cerebral cortex, although any portion of the brain may be 


* Aided by a grant from Eli Lilly and Company. 
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affected. In such foci the damage to neurones appears to be secondary to the 
inflammatory reaction. 

Two types of lesions are clearly distinguishable, the inflammatory and the 
degenerative, although there may be a certain degree of overlap. Several ex- 
amples of each type are described. The inflammatory response is considered to 
be the primary reaction to the disease agent after peripheral inoculation. 

Analysis of the distribution of lesions in early symptomless cases shows that 
the virus passes directly from the blood into the brain tissue. The presence of 
lesions in the cerebral cortex with intact subcortical centers is held to exclude 
nerve transmission. Under certain conditions, however, the virus may “travel 
along nerve paths.” 


Discussion 


(Dr. Jerome T. Syverton, Rochester, N. Y.) Dr. King, have you any evi- 
dence, other than experimental, that the mosquito or the chicken can be impli- 
cated in the transmission of equine encephalomyelitis? We have been interested 
in the epidemiology of this disease and, as you know, have shown that the wood 
tick, Dermacentor andersoni, can transmit the infection in the laboratory. 

A second question concerns your results following peripheral and intracerebral 
inoculation. To make my question clear, most of the strains of the Eastern type 
of equine encephalomyelitis are highly virulent. Intracerebral inoculation of 
such strains usually kills guinea pigs in 24 to 48 hours, while with peripheral 
inoculation the period is prolonged for at least an additional 1 or 2 days. A 
prolongation of the disease results in proliferative changes with polymorpho- 
nuclear invasion. Did the marked differences that you describe in respect to the 
two routes of inoculation follow a short incubation period, or was there a con- 
siderable prolongation of the clinical disease following peripheral inoculation 
which might account for the observed differences in the histopathological re- 
actions? 

(Dr. Albert E. Casey, University, Va.) In connection with the St. Louis 
encephalitis, where we had a second epidemic last summer, the epidemiology 
seems to be identical with that which Dr. King noted in encephalitis in horses, 
and the lesions were quite similar. The disease seems to be located around waste 
lands and about the streams in the vicinity. 

(Dr. King.) In answer to Dr. Syverton’s first question, so far as I know there 
is no evidence other than experimental that mosquitoes and fowl are involved 
in the transmission of the disease. 

In regard to the relation between peripheral and intracerebral inoculation, 
the intracerebral inoculation, with the strain of virus and dosages used, results 
in death in 3 to 5 days; with very massive doses the animal may die in 48 to 
72 hours. However, the animals which were used for illustrations survived 4 to 
5 days, and thus were comparable with those inoculated peripherally. I do not 
feel that the difference in pathology can be explained merely on the time factor. 
Instead, there seem to be two fundamental pathological processes involved 
which are partly overlapping. 

In reference to the St. Louis encephalitis, I can say nothing about the epi- 
demiology of the disease, but I think it is interesting that Webster in his study 
of this disease in mice pointed out that the first lesions existed in the interstitial 
tissue and that nerve cells were involved only secondarily. This is similar to my 
own findings with equine encephalomyelitis. 
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THE PREVALENCE OF INFECTIOUS JAUNDICE IN THE UNITED STATES AS DE- 
TERMINED BY AGGLUTINATION AND ANIMAL INOCULATION TEsTs. Ardz- 
roony Packchanian (by invitation), Washington, D. C. 


Abstract. Outbreaks of infectious jaundice have been reported from practically 
every state in the Union. Asa rule these cases are readily recognizable clinically 
(yellow color, nausea, vomiting, fever, bile-stained urine, albuminuria, muscular 
and epigastric pain, and so on). The cases are usually mild and the mortality is 
very low. The patient suffers for about 1 to 3 weeks and then recovers with or 
without medical care. The clinicians for convenience have diagnosed these 
cases as catarrhal jaundice; only a few cases have been suspected and diagnosed 
as Weil’s disease. What percentage of these infectious jaundice cases is due to 
leptospirochetosis and what percentage is due to filterable viruses, or to other 
microorganisms, has been and still is an unanswered question. 

The diagnosis of Weil’s disease or icterohemorrhagic spirochetosis in the past 
was considered difficult because of the lack of proper laboratory methods of 
diagnosis. However, during the last few years we have had two new laboratory 
procedures for diagnosing this disease and for further experimental studies. One 
of these methods is the agglutination-lysis test introduced by Schiiffner, and the 
other is the inoculation of animals newly found to be susceptible — certain 
species of American deer mice introduced by the writer as test animals. 

The agglutination test which is used by the writer at the National Institute 
of Health is essentially Schiiffner’s method with certain so-called modifications. 
It is similar to typhoid agglutination tests. We use both living and dead anti- 
gen. For routine diagnostic work we prefer formalized antigen of Leptospira 
icterohaemorrhagiae. 

We have at the present time at least 4 serological types of Leptospira ictero- 
haemorrhagiae, the 4th type or group representing several different antigenic 
strains. When serum is received for diagnosis it is first tested with Type I, in 
duplicate, and in various dilutions for the sake of convenience, up to 1:30,000. 
When the result is strongly positive within 2 hours, it is reported so, and the 
remaining serum is saved for further studies. When the serum fails to aggluti- 
nate with Type I, other types are tried. Or it is reported ‘“‘it failed to aggluti- 
nate with our Type I, Leptospira icterohaemorrhagiae.” 

Each serological test is done by monovalent antigen. The polyvalent antigen 
at the present time is not used for routine serological studies. 

The writer has found several species of American rodents susceptible to 
Leptospira icterohaemorrhagiae and has selected two species of American deer 
mice, i. e. Peromyscus eremicus, and Peromyscus maniculatus (albino and hair- 
less) for the following reasons: (a) for uniformity and for the correlation of re- 
sults of different workers; (b) because the breeding stock of these animals in 
captivity is already established; and (c) because the jaundice is relatively easily 
noticed in albino and hairless mice (P. maniculatus). 

Albino American deer mice, Peromyscus gambelis, young Peromyscus eremicus 
and young albino guinea pigs are inoculated about the same time with the 
sample of urine or defibrinated blood from a case of suspected Weil’s disease. 

When an inoculated guinea pig fails to die and Leptospira are not demon- 
strable in its blood at the end of the 4th week, its heart’s blood is removed and 
tested for the presence of agglutinins and lysins, and the organs are sent to the 
Division of Pathology for microscopic pathological findings and for search for 
Leptospira in the tissues. 
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To the serological and animal inoculation tests one may add cultural studies. 
There are several kinds of culture media (liquid and semisolid) on which one 
can readily culture the Leptospira icterohaemorrhagiae from the blood of experi- 
mental animals and from individuals suffering from acute leptospirochetosis. 

About 60 representative samples of blood serum were obtained out of about 
300 cases from recent outbreaks of infectious jaundice in Michigan, about 150 
cases in Windber, Pennsylvania for agglutination tests, and 15 samples of urine 
and whole blood for animal inoculation tests. Of these, so far only 3 samples 
have given prompt and clear-cut positive agglutination reactions with our 
Type I Leptospira icterohaemorrhagiae (titer over 1:40,000 reaction completed 
within 2 hours). Animal inoculation tests were all negative. Further studies 
on these samples are in progress. 

During the last 2 years a large percentage of our positive diagnoses in human 
beings and in dogs has been based almost exclusively on agglutination tests 
because the cases are referred to us too late for animal inoculation tests. 

The human serum which has been giving strongly positive reactions (in the 
writer’s hands) during the last 2 years came from the following States: New 
York, Massachusetts, Pennsylvania, Maryland, Ohio, Michigan, Missouri, 
Kansas, Iowa, Tennessee, Florida, Texas, and also from Canada. 


Discussion 


(Dr. Joseph Kasper, Detroit.) Our attention was first called to spirochetal 
jaundice a few months ago when a large number of children were absent from 
school on account of an outbreak of jaundice. In one locality 12 children were 
affected at about the same time. While studying the problem the Department 
of Health encountered 1 case which was diagnosed as infectious jaundice. A 
3 year old boy — the only child in the family — became ill and showed icteric 
discoloration of the skin about 3 days after his dog was returned from a veter- 
inary hospital where it was treated for jaundice. At first the child did not seem 
very ill and examinations of his blood did not reveal the presence of Leptospira. 
Two weeks following the onset of his illness he became critically ill, the jaundice 
increased in intensity and he was removed to a hospital. At that time dark- 
field examination of the blood resulted in the finding of 1 organism that had the 
appearance of Leptospira icterohaemorrhagiae. Upon this evidence the diag- 
nosis of infectious jaundice was made. Several hours after being admitted to 
the hospital the child died. Autopsy revealed multiple hemorrhages in the 
lungs and peritoneum, and marked degeneration of the liver. Microscopic 
sections showed diffuse necrosis of the liver cells. Sections of the liver and kid- 
neys stained by Dieterle’s method showed the presence of Leptospira. In the 
meantime the serum of the patient was sent to the National Institute of Health 
to be tested for agglutinins against Leptospira. This test revealed atypical 
agglutination in a titer of 1:30,000. The blood of the dog was also examined for 
these agglutinins and the reaction was more specific in equally high titer. 
Blood from 2 other dogs that had recovered from jaundice likewise contained 
agglutinins against Leptospira icterohaemorrhagiae. Following this experience a 
large number of wild rats were examined and in only 2 of these animals have we 
been able to demonstrate Leptospira in the tissues. One of these strains has 
now been carried through the sth passage in animals and produces jaundice in- 
variably in the guinea pig. It is believed by some that a specially bred strain of 
guinea pigs is necessary for the diagnostic inoculation, but we have found that 
this is not necessary. A white guinea pig serves better for the earlier detection 
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of icterus, but we have used colored animals with good results. Whenever the 
test animal shows the first definite signs of illness, it is justifiable to obtain 
blood from the heart. Large numbers of the organisms may thus be found on 
direct examination of the blood. 

(Dr. Joseph Tannenberg, Albany.) I should like to ask whether the spiro- 
chetes are killed by the agglutination. 

(Dr. N. Paul Hudson, Columbus.) Did you examine strains from different 
parts of the country and find that they were antigenically similar by comple- 
ment fixation, agglutination, or cross-immunity tests? 

(Dr. George P. Berry, Rochester, N. Y.) I wish to ask Dr. Packchanian to 
elaborate on some of the statements which he has just made. The points in- 
volved concern our findings with experimental Weil’s disease and our expe- 
riences in the field. Possibly these points can be brought out best in a series of 
questions. Dr. Packchanian, have you recovered Leptospira canicola from a 
human case, or a dog to which a human case has been traced? Was the boy, 
D. S., who died in Detroit on Feb. 14, 1938, suffering from a canicola infection? 
Did you actually recover Leptospira from this boy? Did you conclusively 
demonstrate the presence of specific antibodies in his serum? From how many, 
if any, of the ‘‘300 cases in Michigan” have you recovered leptospira or demon- 
strated agglutinins? Did you recover leptospira from any of the recent cases of 
jaundice in Detroit? In how many instances have you confirmed a positive 
agglutination test by recovering the etiological agent Leptospira icterohae- 
morrhagiae? 

Among other epidemiological studies, we have recovered virulent strains of 
Leptospira icterohaemorrhagiae from 16 per cent of 42 wild rats trapped in 
Detroit during September, 1937. Furthermore, at that same time we recovered 
a virulent strain of this organism from a human case of Weil’s disease in Detroit. 
As far as we know this is the first instance of this disease to have been proved 
in this city. 

(Dr. J. Furth, New York City.) In a strain of common laboratory mice we 
occasionally found spirochetes identical morphologically with the spirochetes 
shown by Dr. Packchanian. These spirochetes could be passed to X-rayed 
mice very readily, but not to non-X-rayed mice. Moreover, mice X-rayed 24 
hours after the inoculation came down with the disease. The blood infection 
was discovered accidentally by studying the blood of these animals for leukemia. 
It seems as if irradiation could be used to detect carriers and to render resistant 
mice susceptible to the disease. 

(Dr. Jerome T. Syverton, Rochester, N. Y.) We have studied over 800 
guinea pigs infected with 34 strains of leptospira, and one of the interesting 
points from the diagnostic standpoint with which we have been confronted is 
the difficulty of making an early diagnosis and isolating the organism. We have 
found that jaundice is not characteristically produced by strains of low viru- 
lence. Only 1 per cent of the guinea pigs inoculated with such strains show 
jaundice. Fever occurs in 80 per cent. The extent of the internal damage paral- 
lels the jaundice. The hemorrhages are confined to the lungs in about 80 per 
cent and are generalized in only a few animals. Obviously, it is often impossible 
to make a diagnosis simply by looking at a guinea pig. We often have guinea 
pigs with neither fever nor jaundice and yet on the roth day we can isolate the 
organism by further passage. The second point concerns the agglutination 
method used by Dr. Packchanian. Was it the Schiiffner method? Were formal- 
inized suspensions of organisms, living organisms, or what, employed? 
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(Dr. Packchanian.) During my recent field studies in Michigan I discussed 
and demonstrated to Dr. Kasper how easily one may confuse blood filaments 
and fibers with Leptospira, also the fact that any color of guinea pigs could be 
used for the purpose of diagnosis. However, preference should be given to 
young albino guinea pigs for obvious reasons. With some strains of Leptospira 
icterohaemorrhagiae even very young guinea pigs may fail to contract demon- 
strable infection. In other strains jaundice may be absent altogether, yet there 
will be leptospirosis. Spontaneous laboratory infections in guinea pigs with 
Leptospira are also known. Such guinea pigs, if they do recover, are obviously 
not suitable for inoculation tests. 

The fact that the child gave a slow partial agglutination with one of our strains 
of Leptospira icterohaemorrhagiae does not necessarily prove that the death was 
caused by leptospirosis (Weil’s disease) rather than by another disease. 

After performing the agglutination tests with this child’s blood, we wrote to 
the Detroit Board of Health, suggesting the possibility of dogs acquiring 
spirochetosis from rats and carrying it to humans, and requested samples of 
blood for tests. Three samples of dog blood received at that time all gave 
strongly positive agglutination reactions with our human strain Leptospira 
icterohaemorrhagiae, the titer being over 1:30,000. 

The most clear-cut case of Weil’s disease in Michigan during the past year 
was that of a male about 32 years of age (Tushman), whose serum gave a defi- 
nite agglutination reaction during the 2nd and 3d weeks after onset of illness. 
The agglutination titer was over 1:30,000, and the reaction was prompt and 
completed within 2 hours. 

In reply to Dr. Syverton’s and Dr. Tannenberg’s questions, we are using, as 
a rule, microscopic agglutination tests originally introduced by Dr. Schiiffner. 
We use both living and formalized antigen. For routine work we prefer dead 
antigen (formalized). The percentage of positive results is very high with 
agglutination tests, and extremely low with animal inoculation and cultural 
tests. While Leptospira are easy to demonstrate at certain periods in the blood 
of experimental animals, it is almost impossible to do so in human cases. A few 
positive results reported in the literature may be Leptospira or may be the 
confusion of blood filaments and fibers with Leptospira. 

Dr. Hudson’s question is a very important one. At the present time we have 
at the National Institute of Health, U. S. Public Health Service, about 40 
strains of Leptospira icterohaemorrhagiae. These strains came from various 
parts of the United States and from Brazil, England, Germany and Hungary. 
In our collection we have strains derived directly from humans, from rats and 
dogs, and from water. We have grouped these strains, at the present time, for 
convenience, into 4 serological types or groups, the 4th of these groups being 
miscellaneous strains. In all probability there is an overlapping, and possibly 
there are other serological strains as yet undiscovered. This line of study is in 
progress. 

In reply to Dr. Berry’s question, I would like to state that “‘ Leptospira 
canicola”’ is only a strain of Leptospira icterohaemorrhagiae that we have placed 
in our Group III. We have examined serum from dogs which suffered from 
leptospirosis with our human strain Leptospira icterohaemorrhagiae (Group I) 
which gave a very strong agglutination titer — 1:40,000. Man, dogs and 
rats can be infected with different serological strains of Leptospira icterohaemor- 
rhagiae and just because the strain came from the dog, naming it ‘‘ Leptospira 
canicola”’ as a new species does not seem warranted. 
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The agglutination tests when performed by a competent worker under 
standardized conditions give prompt and strongly positive results, and are not 
“temperamental” but clear-cut and of diagnostic value, although negative 
results do not exclude Weil’s disease, and an atypical, delayed and partial 
serological reaction may or may not be Weil’s disease. Unfortunately the sample 
serum that has been taken from the patient during the last of his illness or after 
he has recovered from the disease comes to us too late for animal inoculation 
and cultural tests. Our positive findings, with a few exceptions, are based on 
agglutination and lysis tests, although we prefer to make the diagnosis on the 
basis of animal inoculation (with blood and urine) and cultural tests, and con- 
firm it by agglutination tests. The studies are still in progress. We have strains 
of Leptospira with very low virulence for guinea pigs. Some strains fail to pro- 
duce any demonstrable infections in guinea pigs at all, yet these strains are 
highly infective and fatal to certain species of American deer mice, Peromyscus 
eremicus, Peromyscus maniculatus, and so on. 

In reply to Dr. Furth’s question, I have had no experience as to X-ray effects 
on mice (Mus musculus) as far as leptospirochetosis is concerned, but I have a 
definite proof that Mus musculus (house mice, “laboratory white mice’) and 
also certain species of field mice and rats, are carriers of Leptospira ictero- 
hemorrhagiae. 

I should like to state that during 1933 in St. Louis, Missouri, I found Mus 
musculus (“laboratory white mice’’) naturally infected with Leptospira ictero- 
haemorrhagiae and Spirochaeta morsus muris. This I found accidentally while 
attempting to transmit Trypanosoma duttoni infection into Peromyscus (Ameri- 
can deer mice). At that time, to my astonishment, the field mice came down 
with fatal leptospirochetosis and died within 3 to 5 days. At the height of this 
infection their blood was swarming with Leptospira. This accidental observa- 
tion gave us a new laboratory animal for experimental leptospirochetosis. I 
have confirmed this finding on many occasions and have used several hundred 
field mice during the last 5 years. This fact was mentioned by me in Science, 
N. S., February, 1935. However, this is the first time that I have officially 
announced these new laboratory test animals (Peromyscus eremicus, Pero- 
myscus gambeli, and so on) for studying Icterohaemorrhagiae spirochetosis. 


BACTERIAL GrowtTH “Spectrums.” II. THEIR SIGNIFICANCE IN PATHOLOGY 
AND BACTERIOLOGY. John W. Williams, Cambridge, Mass. 


Abstract. Production and application of growth spectrums are discussed else- 
where (Am. J. M. Technol., May, 1938). They are well demonstrated in shake 
cultures containing a low concentration of nutrient (as 2 to o.1 gm. nutrient 
broth Difco per 1000 ml., pH 5.2 to 7.3) when grown for 48 hours at 37°C. 
under a pressure increased to 60 pounds with 99.5 per cent oxygen. Since in- 
crease in concentration to 30 gm. agar per 1000 cc. tends to increase turbidity 
of medium and decrease growth, 7.5 gm. is preferable. The amino acids (1 per 
cent) dl-alinine, d-arginine or d-glutamic acid as source of nutrient, produce 
good growth spectrums in most instances. 

The organisms studied were E. coli communis, B. subtilis, Staphylococcus 
aureus, Sarcina lutea, Serratia marcescens, Ps. fluorescens, Ps. aeruginosa, 
Aerobacter aerogenes, B. megatherium, Proteus vulgaris, B. niger, B. mycoides, 
Staphylococcus albus, Proteus X 19, B. anthracosis (non-virulent), and S. en- 
terilidis. 
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In spectrums, growths are concentrated in bands, their number, type, vari- 
ation and density depending on the organism. Concentration in bands makes 
growths frequently observable where they would be missed or absent in broth 
or streaks on slants, because of growth sparcity or inability to establish a favor- 
able oxygen-medium relation for growth (unlike certain fungi, many bacteria 
seem unable to invade solid medium to a favorable oxygen tension for growth 
(J. Lab. & Clin. Med., in press). 

Depth of growth increases for certain organisms with increase in oxygen 
tension, dilution of nutrient, decrease in number of organisms planted, increase 
in concentration of certain substances which inhibit growth, and decrease width 
of bands (NaCl, KCN, COs, sulfanilamide), on addition of apparently sub- 
inhibitory concentrations of methylene blue (3 mg. dye per 1000 cc. — a hydro- 
gen acceptor in specific organismal systems). It decreases for reverse reasons 
and for certain organisms on addition of 0.5 per cent cysteine hydrochloride or 
0.5 per cent sodium lactate. Width of spectrum of certain organisms increases 
with decrease of nutrient, increase in time of incubation, decrease in organisms 
planted (with such decrease delimitations and spectrum gradually disappear 
and one sees discrete individual colonies), or inclusion of bacterial growth 
products. It decreases for reverse reasons on addition of 0.5 per cent cysteine 
hydrochloride or 0.5 per cent sodium lactate, on increasing concentration of 
certain inhibitory substances, on increase of reducing effect below as shown by 
methylene blue (this in part is dependent on density of band and rapidity of its 
formation disappearing with increase in discreteness of organismal colonies, 
decrease in number planted, increase in width of spectrum or growth distri- 
bution). Diffusion of growth into medium below is especially marked for cer- 
tain organisms on inclusion of 1 per cent dextrose or 0.5 per cent monobasic 
sodium phosphate. 

Consistent results are obtainable on planting o.1 to 0.3 ml. of 24 or 48 hour 
broth cultures to shakes. Reducing the number of organisms planted reduces 
delimitation, increases width over which growth occurs and results in discrete 
and proportionately fewer organisms per unit area. The size of colonies varies, 
being usually smaller on increase in depth, but sometimes also smaller above. 
Changes are dependent on the organism: we have been unable to grow certain 
organisms in bands even on planting large numbers. 

On inclusion of methylene blue in the medium, as solidity of the band de- 
creases reduction becomes less marked to absent, and less persistent on standing 
in the refrigerator when once established. Physiology of growth can be studied 
by observing reduction areas, concentration of growth in growth bands and 
oxidation of dye in bands to azures. Concentration of dye frequently occurs 
just above reduction with a band of white growth below. Several lines of con- 
centrations of varied color may be noted in a spectrum. 

While the amount of growth apparently decreases in most instances with 
decrease in nutrient, time of initiation of growth often is more rapid in lower 
concentrations (6 hour incubation). 

Controls grown in the atmosphere show similar tendencies, but not as well 
demarcated changes, even after long incubation. Often successive layers of 
growth appear in time both in controls and under increased oxygen pressure. 
The superficial layers apparently prepare a lower depth for growth. This does 
not seem the only cause of bands, since they are observable in certain 6 hour 
cultures separated by a clear space. The latter suggests oxygen tension variants. 

Applications to pathology and bacteriology are: (a) correlation of effects of 
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bacteria in vitro and in vivo; (b) effects of drugs, and so on, on spectrums (as aid 
in classification of their action: opposite effects of sulfanilamide and sodium 
lactate on the spectrum may explain why sodium lactate combats the over- 
dosage effects of sulfanilamide in the body, change of oxygen-medium relation- 
ship at which the organism grows best may reduce its harm to tissues) ; (c) study 
of antagonisms and synergisms; (d) study of substances inhibiting and promot- 
ing bacterial growth; (e) determination of suitable synthetic mediums; (f) dif- 
ferentiation of organisms, i.e. by spectrums, effects of substances on, ability or 
inability to grow as bands, and so on; (g) growth of anaerobes after preparation 
of area below by aerobes; (4) probable oxygen tension variants; (7) study of 
growth limiting and growth spreading factors in vitro with possible correlation 
in vivo; (j) possible identification of hydrogen donators and hydrogen acceptors 
with respect to specific organismal systems; and (k) study of redox and pH by 
dyes. While our study of the above applications is limited to a limited number 
of organisms, conditions and substances in a limited number of concentrations, 
each has showed a variable degree of promise, depending on the organism. 


Discussion 


(Dr. M. G. Sevag, Philadelphia.) Those who have had experience in bac- 
terial respiration know the complexities of the bacterial growth systems. I 
think in such a system one is not able to correlate various factors and their in- 
teraction by means of spectrum analysis. Such systems could be more satis- 
factorily studied if the organisms were isolated free from media, and their 
activity studied in simpler systems. By taking the results of such studies one 
can formulate the broad principles for the study of complex systems mani- 
fested by the actively growing organisms. For example, during the growth of 
Ppnheumococcus or streptococcus, the hydrogen peroxide formed inhibits the 
growth. Catalase, on the other hand, will accelerate growth by removing the 
inhibiting hydrogen peroxide. One can prevent the accumulation of such in- 
hibiting or growth promoting factors confining studies to the mechanism of 
metabolic activities. I think it would be more advantageous to deviate from 
antiquated procedures and study the mechanisms of the simple systems of the 
physiological activities of organisms. Many isolated facts have been obtained 
on bacterial enzyme activities; these studies, however, are mainly carried out 
by biochemists and chemists to elucidate certain theoretical aspects of bio- 
chemical reactions. The accumulated results of their studies, unfortunately, 
so far have not been used sufficiently in the correlation of various factors in 
explaining many complex immunological and bacterial growth problems. I 
should like to call to the attention of the workers in this and in related fields 
this fundamental point of view. I think better results could be obtained by the 
study of this phase of the problem. By going into the core of the elementary 
steps, one is able to explain complex systems such as presented by Dr. Williams. 

(Dr. Williams.) I believe there is some misunderstanding as to the complexity 
of this method. While we use a comparatively simple chamber, possibly the 
even simpler pressure cooker might be adapted to hold 60 pounds the required 
period. In addition, a tank of commercial oxygen, possibly an incubator, a 
folding camera, a lens so that the camera can take a close-up and a source for 
transmitted light are needed. By making 60 to 70 exposures to the film the 
cost per photograph runs about one-quarter cent. One has a permanent record 
and can eliminate to a large degree the personal equation. For example, one 
may trace the course of inhibition of a drug, an antiseptic or some other sub- 
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stance with increase in its concentration in the various tubes by noting vari- 
ation in the band, its depth and width at one incubation and one can furnish a 
pictorial record. I know of no method by which similar results can be obtained 
as conveniently and with as great satisfaction with the substances and organisms 
I have studied. 


THE EFFECT OF CIRCULATING TOXINS ON THE LuNGs. Douglas H. Sprunt and 
(by invitation) C. W. Camalier, Jr., Durham, N. C. 


Abstract. Fifteen rabbits were injected intravenously with small amounts of 
staphylococcus toxin. The lungs of these animals showed focal cellular accumu- 
lations both in the interstitial tissues and in the perivascular lymphatics. These 
cells were after 24 hours predominantly mononuclear. The smaller blood vessels 
also showed some damage. 

Eighteen rabbits, which were given larger amounts of toxin and which either 
died or were killed within 24 hours, showed damage to the arterioles with focal 
areas of hemorrhage and cellular proliferation. The cells were both polymor- 
phonuclear and mononuclear. 

The lungs from the animals of both of these groups were sterile on culture 
and no bacteria were seen in histological preparations. 

In addition to these experiments, several autopsies revealed an abscess as a 
focus of infection and a non-bacterial interstitial mononuclear pneumonia. In 
these cases the vascular endothelium showed no appreciable damage. 

A few of the experimental animals showed a change in the bronchi and bron- 
chioles which we believe is of importance. This change in many instances is an 
edema which pushes up the bronchial cells from the basement membrane. In 
some instances there is a necrosis of these cells and in others a cellular infiltra- 
tion. These lesions are important as they afford a means of entry for bacteria 
and the production of a secondary pneumonia. 


THE EXPERIMENTAL PREVENTION OF SILICOSIS BY METALLIC ALUMINUM. 
Dudley A. Irwin, Toronto. 


Abstract. It has been found that im vitro the presence of small amounts of 
metallic aluminum renders quartz and silicate dusts practically insoluble. The 
lungs of rabbits exposed to quartz dust containing 1 per cent metallic alu- 
minum showed only a mild foreign body reaction up to periods of 1 year. Control 
rabbits exposed to quartz dust alone developed acute silicosis in 6 months. 


Discussion 

(Dr. Wiley D. Forbus, Durham.) I should like to ask Dr. Irwin if he has any 
information relative to a change in the ability of the phagocytes to pick up this 
material when it is in its pure form, and after the aluminum is added. 

(Dr. James Ewing, New York City.) Is this method necessary if Kelly’s 
mask is used by the men working in these dusts, or is there any way of combining 
these agents? 

(Dr. Theodore J. Curphey, New York City.) Will exposure to aluminum dust 
alone stimulate the macrophage reaction of the lung? 

(Dr. Irwin.) In answer to the question as to whether the phagocytes of the 
lung are more active in engulfing the quartz particles when aluminum is present, 
we do not know of any evidence we can submit to support this view. When 
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aluminum is present the phagocytes stain so well we think it is evident that 
whatever the toxic material produced by the quartz may be, it is not present in 
sufficient concentration to cause the death of these cells. 

In answer to Dr. Ewing’s question, we hope that a dust mask may be de- 
signed which will remove all the dust from the inspired air, but so far we have 
not been able to find such a mask applicable to the thousands of underground 
workers in gold mines. We are not suggesting that the use of metallic aluminum 
will do away with masks or the best ventilation possible, but we do think it 
would be advantageous to add aluminum to the dust to inactivate any quartz 
that might get into the lungs in spite of dust control. 

The lungs of animals exposed to aluminum dust for periods of a year contain 
a fair amount of the dust. The aluminum dust is engulfed by phagocytes in the 
alveolar spaces of the lungs and what seems odd to me is that very little alu- 
minum is found in the peribronchial and mediastinal lymphatics. Two months 
after discontinuing the aluminum dust much of it has disappeared from the 
lung. 


THE TUBERCULIN REACTION AND ITS SIGNIFICANCE IN LEPROSY. Earl B. 
McKinley, Washington, D. C. 


Abstract. It has long been known that a high percentage of cases of leprosy give 
positive tuberculin reactions. Recent controlled studies have been made in the 
Philippines with antigens from human, bovine and avian strains of M. tuber- 
culosis. Groups studied included (1) the children of lepers; (2) controls — 
children having had no contact with lepers; (3) advanced cases of leprosy; 
(4) early cases of leprosy; (5) preparole cases of leprosy following treatment; 
(6) families of lepers; and (7) professional contacts — physicians, nurses and 
so on. The problem of tuberculosis in leprosy is discussed and the significance 
of the tuberculin test in this disease is critically analyzed. 


Discussion 


(Dr. Esmond R. Long, Philadelphia.) Was the character of the skin reaction 
as given by the proteins from so-called leprosy bacilli comparable to that given 
by the protein from the tubercle bacillus? 

(Dr. McKinley.) Yes, and I might add that at least go per cent of the re- 
actions are what we would call ++, the other 10 per cent being spread largely 
in the +++ group, with very few in the ++-+-+ group. 


THE R6LE AND NATURE OF INHERITED NATURAL RESISTANCE TO TUBERCU- 
Losis. Max B. Lurie, Philadelphia, Pa. 


Abstract. By brother and sister mating of rabbit groups, families have been 
developed that exhibit varying inherited specific resistance to tuberculosis. 
This has been determined by natural respiratory exposure to artificially in- 
fected rabbits and by parenteral administration of standard quantities of 
tubercle bacilli. Irrespective of the mode of infection it was found that by ex- 
cluding all known environmental factors the genetic constitution of the rabbit 
by itself may determine the type of disease developed on first natural contact 
with the tubercle bacillus. ‘Those hereditarily most susceptible develop a disease 
of short duration, characteristic of infantile tuberculosis with miliary spread 
from a primary pulmonary-glandular complex. The animals of somewhat 
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greater resistance develop a disease of longer duration, characteristic of the so- 
called childhood type with caseous pneumonia, massive enlargement and case- 
ation of the tracheobronchial nodes and large nodular lesions of hematogenous 
origin in different parts of the body. The most resistant family dies on first 
exposure from a disease of long duration, which is characterized by a localized, 
isolated ulcerative pulmonary phthisis in which the tracheobronchial nodes and 
the rest of the body are not grossly affected and which is anatomically indis- 
tinguishable from adult pulmonary tuberculosis in man, which has hitherto 
been considered as resulting solely from a reinfection. 

By various procedures the following are among the genetic factors that have 
thus far tentatively been shown to be related to the resistance of these rabbit 
families to tuberculosis. 

1. The primary sensitivity of the tissues on first contact with heat-killed 
tubercle bacilli. The greater the primary toxicity of the tubercle bacillus for 
the skin of an animal, the greater is the susceptibility of that animal to tuber- 
culosis. 

2. The acquired sensitivity of infection. All else being equal, a higher allergic 
sensitivity acquired during infection is associated with a greater resistance to 
tuberculosis and, conversely, rabbits that develop the least sensitivity to tuber- 
culin are often most susceptible to the disease. The degree of allergy of infection 
is itself partly determined by the innate sensitizability or responsiveness of the 
skin to substances in heat-killed tubercle bacilli. 

3. The permeability of the skin to particulate matter. The greater the per- 
meability of the skin of a rabbit to india ink the greater is the susceptibility of 
that rabbit to tuberculosis. None of these factors alone accounts for resistance 
but their interaction and doubtless the collaboration of many other factors 
determine resistance. 

4. An analogy has been found between the mode of reaction of artificially 
immunized and naturally highly resistant rabbits. In both instances the re- 
action to the tubercle bacillus is accelerated and abortive as compared with the 
reaction on first infection of rabbits of low inherited natural resistance. 


Discussion 


(Dr. Joseph Kasper, Detroit.) I should like to ask Dr. Lurie if he has made 
a comparison of the patency of the lymphatics in his various groups of animals. 
The reason for asking is that on occasion we have noted in the tissues of certain 
children who showed spreading of their tuberculous lesions an increased patency 
of the lymphatics in the regional lymph nodes. We have also noted that adult 
negroes sometimes show the same changes. 

(Dr. Louis L. Dienes, Boston.) A few years ago a very interesting study was 
published by Verschuer and Diehl in Germany concerning the intluence of in- 
herited constitution on the development of human tuberculosis. By comparing 
the incidence of tuberculosis in identical and non-identical twins they observed 
that in the case of identical twins both usually develop tuberculosis, while in the 
case of non-identical twins it is relatively rare that both are tuberculous. 
Similar studies might be of great importance in making possible the application 
of results obtained by animal experimentation to the problems of human 
tuberculosis. 

I should very much like to know Dr. Lurie’s impression of the observations 
of Verschuer and Diehl. 
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(Dr. Lurie.) As to the patency of the lymphatics, I cannot answer that ques- 
tion as we have not done any direct investigation on this as yet. I do not know 
whether that would be a significant factor. It may be. The point is this. When 
you inoculate these animals that are so highly resistant to tuberculosis they die 
from a disease of long duration, but the lymph nodes draining the site of inocu- 
lation become caseous. However, if they acquire the disease by exposure they 
develop a localized ulcerative phthisis in which the draining tracheobronchial 
lymph nodes are not affected, a disease anatomically indistinguishable from 
adult pulmonary tuberculosis in man. 

As to Dr. Dienes’ question about the work of Diehl and Verschuer, I have 
read that very carefully and I think on the whole their conclusions seem to be 
sound. However, there is one point that cannot be overlooked — no such stud- 
ies can ever definitely answer these questions in human beings because of en- 
vironmental factors which cannot be wholly excluded. The work has been 
criticized by B. Lange. He emphasizes that the very identicity of the twins 
makes them live under similar conditions to a greater extent than non-identical 
twins, and it is conceivable that identical twins have the same psychology, and 
therefore they would react similarly to the same conditions. In fact, an actual 
analysis of the work shows that the environmental conditions in these identical 
twins were more often the same than the environmental conditions of non- 
identical twins, so that while I believe in and approve of the conclusions, I do 
not think the question can be settled in any other way than by animal experi- 
mentation where environmental factors can be completely excluded. 


VASCULARIZATION OF THE CORNEA OF THE RaT IN RIBOFLAVIN DEFICIENCY. 
Otto A. Bessey (by invitation) and S. B. Wolbach, Boston, Mass. 


Abstract. In rats maintained on a diet deficient only in riboflavin, vasculariza- 
tion of the cornea is a constant phenomenon. The initiation, progress and repair 
of this process have been followed by histological sections, injected and cleared 
specimens, and by slit lamp observations. 

We have been unable to find any antecedent process in the cornea and there- 
fore believe that the vascularization is a response to a nutritional defect, pre- 
sumably of the tunica propria. 

Following vascularization, opacity of the cornea appears and histologically it 
is accompanied by infiltration of leukocytes and subsequently striking changes 
in the collagen. Lesions of the corneal epithelium appear to be secondary to the 
degenerative changes in the tunica propria. Ulceration is a late consequence. 

Repair following administration of riboflavin (synthetic) is rapid. Except in 
late lesions, the opacity of the cornea clears in from 12 to 48 hours. The order 
of sequence in repair is apparent restoration of the collagenous substance of the 
tunica propria, disappearance of leukocytes, repair of corneal epithelium and 
disappearance of blood vessels. The whole process is complete in about 10 to 
14 days. 

Primary vascularization of the cornea is apparently specific for riboflavin 
deficiency. Its initiation and repair have been advantageously used for testing 
the biological activity of a number of compounds structurally related to 
riboflavin. 


Discussion 


(Dr. David T. Smith, Durham.) At the Duke Hospital in Durham, N. C., 
we have a number of patients with pellagra in the hospital under controlled 
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dietary conditions. We keep them on the same basic diet that Goldberger used 
to produce pellagra, and after observing them for a while we introduce one sub- 
stance after another and test the therapeutic effect. From my analysis of the 
diet I think it is probably deficient in riboflavin, but we have no simple way of 
measuring it. Could we use a slit lamp to test for this deficiency? 

(Dr. D. Murray Angevine, New York City.) I should like to ask if there 
were any changes noted in other structures of the eye. 

(Dr. Wolbach.) In answer to Dr. Smith’s question, these vessels may be 
readily seen by the slit lamp. We used that method in the hope that we might 
pick up some antecedent change in the corneal epithelium. It is an entirely 
practical method to apply to patients with riboflavin deficiency. 

In answer to Dr. Angevine, if there were other lesions in the eye, nothing of 
importance was found; in all deficiencies, as is common with any starvation, 
there is atrophy of the glands associated with the eye, the harderian gland and 
the lacrymal gland, but in the remaining tissues we found nothing. However, 
there may be something there. 

(Dr. Smith.) May I also ask if the reaction is reversible and disappears with 
riboflavin treatment? 

(Dr. Wolbach.) I should have said more about that. Repair is extremely 
rapid. It is so rapid that a very striking change takes place in the cornea. 
Repair is so rapid as to indicate that perhaps water has something to do with it. 
There is a marked water retention during the repair stage. 


THE CYTOLOGY OF THE HUMAN PARATHYROID GLANDs. Edgar H. Norris, 
Minneapolis, Minn. 


Abstract. The observations made in this investigation are based on the histo- 
logical study of 1500 parathyroid glands — 406 glands from the fetal period 
and 1094 normal or pathological glands from postnatal life. 

In the literature the terminology as applied to parathyroid cytology is re- 
grettably confused and comprehension of an author’s intended meaning is now 
little more than speculation. Although we should have little patience with 
most efforts to engender new names, the advantages of the adoption of a uni- 
form terminology to be applied to the cytological elements of these glandules 
are self-evident. Part of the present confusion has come about because the 
terms in use have carried only morphological significance. Another part of our 
difficulty has arisen from the fact that some investigators have not recognized 
the same number of distinct types. This then is the problem, and inasmuch 
as the suggestions about to be made appear both to clarify and to simplify, 
an arrangement is presented that may be of practical use. The value of our 
scheme comes from the fact that, in its development, morphological, genetic 
and functional features have been accorded equal importance. Established 
terms have been preserved where they are morphologically significant and all 
of the terms have been rigidly defined. Five discrete cytological types are recog- 
nized and in addition there appear to be 5 transitional forms that merit special 
denomination. The terms recommended are primordial cell, dark cell, large 
primordial cell, small vesicular cell, large vesicular cell, clear cell, and oxyphil 
cell, of which latter small or large forms of both the pale and the dark types 
are noted. 

The term primordial cell is recommended for several reasons. In the first 
place the primordium of the parathyroid in the embryo is made up entirely by 
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cells of this type, and in the second place it is from cells of this type that all of 
the other parenchymal cytological elements are derived. On the other hand, 
this term is recommended to take the place of the names chief or principal 
cell, which are often misleading, because in many glands this type does not 
predominate. 

Cytological pictures made up of large primordial cells or of cells with in- 
creasing degrees of vesiculation are believed to represent increased functional 
activity. As yet there is no knowledge regarding the functional significance of 
the oxyphil cells. 

Discussion 

(Dr. W. G. MacCallum, Baltimore.) I do not think I have anything to add, 
except that the clear cells are the ones we find in the early stages of develop- 
ment, and that they predominate, or are the only ones found, so far as I can say, 
in an infant’s parathyroid. As to the exact relation of these to the so-called 
primordial cells, I have always had the idea that these primordial cells were 
developed from the clear cells. I have no real data, and I think that the eosin- 
ophil or oxyphil cells are variants from that point. I think it would be extremely 
interesting to find some more specific stains for these cells, just as we have the 
same difficulty in the adrenal cortex in finding specific stains for cells. It would 
be important in determining the functional character of such cells. 

(Dr. Benjamin Castleman, Boston.) I should like to ask what led Dr. Norris 
to think the dark cells are inactive. It seems to me we have seen active tumors 
of this gland that have had what he calls a dark cell. 

(Dr. Norris.) I am afraid I cannot answer these gentlemen very definitely. 
Dr. MacCallum’s idea is perfectly correct. In my experience the parathyroids 
in childhood are definitely constituted by what we call vesicular cells of the 
small type, and it is our feeling that probably the parathyroid may be consid- 
ered to be functionally very active during that period. 

One reason for the use of the term “primordial” is on the basis you implied; 
not in childhood but in the embryo we find this type of cell so characteristically 
making up the parathyroid. 

In answer to Dr. Castleman our evidence is only that of rationalization. We 
find this dark type of cell only infrequently, and it appears to be at the other 
end of the morphological line from the cells we have considered as evidence of 
hyperactivity. 


FURTHER EVIMENCE THAT “CASTRATION CELLS” AND ‘“THYROIDECTOMY 
CELLS” ARE DIFFERENT TYPES OF Pituirary CELLs. Isolde T. Zweckwer, 
Philadelphia, Pa. 


Abstract. The author has previously described histological differences between 
the cells in the pituitary that develop after thyroidectomy and the cells that 
develop after castration in rats 11 weeks or more after operation. A number of 
investigators regard the cells as identical. 

The experiments here reported concern the differences in histological appear- 
ance of these cells at 5 weeks after operation. At this earlier period the differ- 
ences are more apparent than later. Furthermore, the testes do not atrophy, 
but may hypertrophy, so that thyroidectomy cells cannot be due to lack of 
hormones from the gonads. The differences in response of thyroidectomy cells 
and castration cells to the administration of estrone and of thyroid extract prove 
that functionally these cells are totally different. It seems impossible to solve 
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the question of whether these cells are derived from the same or different pre- 
cursor cells. However, after they have developed from whatever source, the 
lack of effect of estrone on thyroidectomy cells when injected in a dosage ade- 
quate to suppress castration cells, but not in such large dosage as to degranulate 
all cells, is a further argument that these cells are functionally different cells 
and may represent cells that are producing different hormones. 


A HIsTOLoGICcAL STUDY OF THE EFFECT OF THE SEX HORMONES ON THE HUMAN 
ProstaTE. Robert A. Moore and (by invitation) Allister McLellan, New 
York City. 


Abstract. During the past year several clinics have undertaken to treat benign 
hypertrophy of the prostate by injections of the male or female sex hormones. 
Aside from the disputed clinical efficacy of these forms of therapy, which will 
not be discussed in this report, failure in some cases has given the pathologist an 
opportunity to study the histological appearance of the prostates of patients 
given large amounts of the sex hormones. 

The present study is concerned with 10 unselected consecutive cases of be- 
nign hypertrophy of the prostate; 5 individuals were given from 400 to 1075 mg. 
of testosterone propionate for from 16 to 95 days before a prostatectomy, and 
5 were given from 15,000 to 120,000 international units of estradiol benzoate 
for from 12 to 32 days before a prostatectomy. 

In those patients given testosterone propionate there is no significant change 
in the structure of the presenile prostate, and it is concluded that the presenile 
and senile involution is not the result of a simple decrease in the secretion of 
androgen by the testis. There is also no deviation from the usual appearance 
of the tissues which are a part of benign hypertrophy. 

In those patients given estradiol benzoate there are conspicuous changes in 
the urethra and prostatic ducts. There is hyperplasia of the epithelium and 
metaplasia to a squamous type. There is advanced migration of leukocytes 
through the epithelium. About the ducts there is abundant lymphoid tissue. 
Aside from rare foci of squamous metaplasia there are no changes in the ap- 
pearance of the epithelium or stroma of the nodules seen in benign hypertrophy. 

Conclusions concerning the significance of these findings would be premature, 
but as a basis for further work it is important to note that the changes seen 
after injection of estrogen are an exaggeration of some of the characteristic 
features of benign hypertrophy. 


THE INDUCTION OF CARDITIS BY THE COMBINED EFFECTS OF HYPERTHYROIDISM 
AND INFECTION. Mark P. Schultz (by invitation), Washington, D. C. 


Abstract. Observers do not agree upon the occurrence of extensive morpho- 
logical cardiac damage in patients with exophthalmic goiter or in animals given 
toxic doses of thyroid hormone. Study of published protocols and case records 
suggests that such lesions may occur when hyperthyroidism is complicated by 
infection. Thirty-two rabbits and 13 guinea pigs were given moderate doses of 
thyroxin or desiccated thyroid while subject to chronic, focal hemolytic strepto- 
coccus infection. Most of them developed extensive non-purulent carditis 
similar to that occasionally described in exophthalmic goiter and in animals 
treated with thyroid hormone. Such results were obtained in those infected 
after hyperthyroidism had been induced; no cardiac lesions developed when 
thyroid hormone was given after infection had become well established. This 
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suggests that for the production of such lesions it is necessary that the host ex- 
perience an alteration in immunological reactivity during the course of hyper- 
thyroidism. Experiments are described which indicate that immunological 
responses are accelerated in hyperthyroidism. The hearts of animals receiving 
thyroxin or dried thyroid only in the doses used, or subject to infection only, 
did not present such lesions. Likewise, dinitrophenol substituted for thyroid 
hormone was ineffective. 
Discussion 


(Dr. Joseph D. Aronson, Philadelphia.) This paper interests me very much, 
for a number of years ago I had occasion to test cretins with the tuberculin test 
and not a single one of these reacted to tuberculin. I also attempted to do some 
skin tuberculin tests on monkeys, which are well known not to react to injec- 
tions of tuberculin, and in discussing the matter I found the thyroid is rather 
poorly developed in monkeys. I therefore gave them large injections of thy- 
roxin, but despite that the tuberculin reaction in these monkeys was negative. 

(Dr. Howard T. Karsner, Cleveland.) The experiments of Dr. Schultz have 
been of the utmost interest. I think it would add further to our information if 
we knew what might happen if something other than, but perhaps similar to, 
thyroxin were also injected into another series of animals. 

The recent work on ascorbic acid by Ecker and others in relation to immune 
phenomena and complement raises the question as to whether or not the ascorbic 
acid content of the blood was determined. 

(Dr. S. B. Wolbach, Boston.) I wonder if Dr. Schultz recalls Dr. Good- 
pasture’s paper on the same subject. I recall, about 20 years ago in Boston, 
stimulated by the findings in a patient who died of a thyroid storm following 
operation, Dr. Goodpasture did some experiments on rabbits and he got acute 
myocardial lesions following exercise by putting the animals in a treadmill, and 
also obtained similar lesions by injecting killed bacteria. 

(Dr. Schultz.) With respect to the lack of tuberculin hypersensitivity in 
cretinism, or the possibility of affecting it in monkeys by treatment with thy- 
roxin, it may be pertinent to mention some of our experiments with reference 
to the development of bacterial hypersensitivity. When rabbits are given 
minute doses of indifferent streptococci intracutaneously, which under ordinary 
circumstances cause the development of intense bacterial hypersensitivity, it 
was found that those treated with thyroxin did not develop large cutaneous 
lesions; the lesions were, indeed, quite small, as were those described in thyroxin- 
treated animals injected with horse serum intracutaneously. 

It is of great interest to attempt to analyze these phenomena from the stand- 
point of metabolic factors since the replacement of thyroxin by dinitrophenol 
in infected rabbits does not result in the induction of cardiac lesions, although 
the metabolic rate is probably elevated to an equivalent degree. 

Dr. Karsner’s observation concerning ascorbic acid is most pertinent in view 
of the well known antagonism between ascorbic acid treatment and treatment 
with thyroxin. We had this in mind when these experiments were performed 
and took care to see that each animal received at least 40 gm. of cabbage daily. 
Since 5 gm. of cabbage daily is considered sufficient to prevent the development 
of scurvy in such animals we felt that protection against this deficiency disease 
had been accomplished. 

With respect to Dr. Goodpasture’s experiments some years ago, a notably 
increased susceptibility to liver damage from chloroform anesthesia was ob- 
served. Most recently, Haban has demonstrated that the liver in hyperthy- 
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roidism suffers damage incident to infection which would otherwise not cause 
such an effect. The use of exercise in conjunction with hyperthyroidism also is 
no doubt a factor. We thought this might have been ruled out in part by the 
failure to observe a potentiating effect when treatment with adrenalin was 
combined with infection. 


PATHOLOGICAL EFFECTS OF ELIXIR OF SULFANILAMIDE POISONING. Paul R. 
Cannon and (by invitation) Eugene M. K. Geiling, Chicago, III. 


Abstract. Autopsy material was examined from 14 fatal cases of poisoning by 
elixir of sulfanilamide (Massengill). The patients varied from 11 months to 
70 years of age, and had taken from 1.5 to 6 ounces of the elixir. All developed 
symptoms of abdominal distress, nausea, backache, suppression of urine and 
uremia. Complete autopsies were not performed in most instances, but the 
principal changes were in the kidneys and livers. The material was sent to us 
by Federal inspectors and pathologists. 

The kidneys and livers in patients dying from the poisonous action of the 
elixir of sulfanilamide were edematous. The kidneys were usually pale and fre- 
quently had diffuse areas of symmetrical cortical necrosis with a zone of hemor- 
rhage at the corticomedullary border. The liver was usually mottled and the 
centers of the lobules were lighter than the peripheries. The kidneys micro- 
scopically were most affected in the convoluted tubules where there was a pro- 
found vacuolization or hydropic degeneration with obliteration of the lumens. 
The cytoplasm of each cell was ballooned out and the nucleus was shrunken 
and pyknotic. Fatty changes were minimal and actual coagulation necrosis was 
inconspicuous, except at the margins of the affected areas and in the zones of 
cortical infarction. Here there was complete lysis of the tissue in places and 
recent diffuse hemorrhage into the interstitial tissue. The blood vessels were 
filled with hyaline thrombi, and at times the arterioles were severely affected by 
hyaline necrosis of the wall, which at times extended into the afferent arterioles 
of glomeruli. Hyaline casts were numerous in the collecting tubules but the 
epithelium here was but slightly changed, although showing moderate fatty 
degeneration. Oxalate crystals were not found in any of the areas of hydropic 
degeneration or elsewhere. The changes in the liver were mainly a hydropic de- 
generation around the central veins where the hepatic cells were swollen and 
vacuolated, with shrunken nuclei. The vacuoles did not contain fat. The 
hepatic cells at the margins of the areas of central hydropic degeneration were 
essentially normal and contained no increase in number of mitotic figures or 
double nuclei. 

The changes elsewhere were essentially those that might be due to uremia 
and acidosis. There was frequently an accumulation of clear fluid in the peri- 
toneal, pleural and pericardial cavities. Pulmonary edema was usually present 
at the time of death, and bronchopneumonia also, in some cases. 

We observed practically identical changes in dogs, rats and rabbits fed with 
comparable doses of elixir of sulfanilamide or pure diethylene glycol, given by 
mouth in divided doses. The cortical infarcts of the kidneys did not occur in the 
experimental animals, but otherwise the pathological changes were those of 
hydropic degeneration of the convoluted tubules and central hydropic degenera- 
tion of the liver. Sulfanilamide alone, in large doses, caused no such effects; it 
only caused a mild degree of fatty degeneration of the tubular epithelium at the 
corticomedullary border. 
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We conclude that the injurious effect of the diethylene glycol in the elixir of 
sulfanilamide was due to its action upon the epithelium of the convoluted 
tubules with a resulting swelling and mechanical occlusion of the lumens. Asa 
result, anuria, acidosis and uremia followed. The circulatory changes are 
probably secondary to the irritation and anoxia produced by the poison and 
the hydropic degeneration. 


Discussion 


(Dr. E. T. Bell, Minneapolis.) I should like to call attention to the fact that 
these are examples of tubular disease, which is very rare in clinical experience, 
aside from the kidney in sublimate poisoning. The symptoms that develop from 
tubular disease are anuria and oliguria. There is a very marked distinction here 
between this disease and lipoid nephrosis, which is often called tubular disease 
and is characterized by the prominence of edema. Lipoid nephrosis is a glomer- 
ular disease, due to loss of protein in the urine, and is by no means a tubular 
disease. 

(Dr. Harry C. Schmeisser, Memphis.) I had the opportunity of studying the 
pathological changes in 2 cases of elixir of sulfanilamide poisoning which came to 
autopsy. The findings in both cases were similar and resembled those presented 
by Dr. Cannon very closely, except possibly that some of the changes were more 
advanced, leading to necrosis. The livers were enlarged, weighing 2600 and 
2130 gm., suggesting a diffuse degeneration. The kidneys were enlarged, weigh- 
ing each 300 gm. in the one case and 230 and 220 gm. in the other. Numerous 
petechial hemorrhages were found on the surface with several extensive areas of 
hemorrhagic necrosis of the cortex. These measured from 1 to 5 cm. in diameter. 
The medulla did not present any gross evidences of involvement. Numerous 
petechiae were seen in the renal pelves. Microscopically the livers showed ex- 
tensive fat metamorphosis and necrosis of the hepatic cells around the central 
vein of the anatomical lobule with some extravasation of blood. The kidneys 
showed marked necrosis of the glomerular tufts and convoluted tubules with 
extensive hemorrhagic extravasations, hydropic degeneration of the tubular 
epithelium, and early infiltration of the necrotic tissue by polymorphonuclear 
leukocytes. The elixir taken by one of the patients was proved to be toxic by 
the fact that intraperitoneal injections of 5 cc. into rats weighing 200 gm. 
caused death within 6 hours. 

(Dr. Chester, New York City.) I wonder if Dr. Cannon had the opportunity 
of studying the adrenals from any of these patients. In some of the rats and 
rabbits we were studying we found the same sort of hydropic degeneration in 
the cortex of adrenal cells in occasional instances, and I wondered if the same 
thing had been observed in any of the human material. 

Perhaps one other point that might be mentioned in justice to the legitimate 
usage of the drug is that it apparently takes a reasonably large dosage of the 
drug to produce these toxic effects. Rats can be kept on 0.5 to 1 per cent in the 
drinking water for as long as 6 months without any apparent effect, and rabbits 
can also be on 0.5 to 2 per cent in the drinking water without anatomical 
changes. The rats took as much as 0.3 gm. of pure diethylene glycol and were 
apparently unaffected. 

(Dr. Cannon.) ‘The gross pathological effects as described by Dr. Schmeisser 
are similar to those described by Barber in dioxane poisoning (Guy’s Hosp. Rep., 
1934). He described 5 fatal cases of dioxane poisoning from the inhalation of 
fumes in a factory. We have not seen such necrotizing effects in the liver as 
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Dr. Schmeisser has described, either in human material or in animals, but we 
have in the kidneys. 

Inasmuch as our material came from incomplete autopsies, we have seen 
sections of suprarenals in but 1 case and here no pathological changes were 
apparent. In some of the animals given diethylene glycol we have seen consid- 
erable vacuolization of the cells of the cortex, but in only an occasional animal. 


UTERINE ADENOMAS IN THE Rasbit. Harry S. N. Greene and (by invitation) 
John A. Saxton, Jr., Princeton, N. J. 


Abstract. Ninety-five cases of an adenomatous tumor of the endometrium have 
been found in a colony of approximately 500 female rabbits during the past 4 
years. The presence of tumor was noted during life in the majority of instances 
and the clinical course led to death or disposal. Pathological studies were made 
at various stages of growth, and both homeotransplantation and heterotrans- 
plantation of the tumor were successfully carried out. 

The clinical histories of tumor-bearing animals are similar in all cases. A long 
period of reproductive disturbance precedes discovery of the tumor and its sub- 
sequent course is one of slow progressive growth which has terminated in death 
with metastases in all animals held under observation for more than 1 year. 

The tumor shows an atypical alveolar structure and its characteristics closely 
resemble those of an adenocarcinoma of the uterine fundus in women. Patho- 
logical changes similar to those found in mice after treatment with estrogenic 
substances occur in the adrenal, thyroid, pituitary and mammary glands of 
affected animals. 

Intraocular transplantation has been successful, and at the present time the 
growth has been carried through 8 generations by serial transfer. Intratesticular 
transplantation resulted in takes after the 5th eye transfer and growth has been 
obtained in the sth serial passage, using this route of inoculation. Heterotrans- 
plantation has also been successful and progressive growth of the transplant has 
been obtained in the eye of the guinea pig, the rat and the goat. Serial transfer 
has been attempted in the case of the guinea pig, and at the present time growth 
has been obtained in the 2nd serial generation. 


Discussion 


(Dr. Max Lurie, Philadelphia.) Do these adenomas occur in certain breeds 
only, or do they occur generally in many breeds? 

(Dr. Greene.) The incidence of the tumors is highest in the same breeds and 
lines of animals in which the incidence of toxemia of pregnancy is greatest. 
They occur in all of the common breeds with the exception of the Belgians, 
Chinchillas and French Silvers. Many of the tumor-bearing animals are closely 
related and instances of the tumor in 3 generations of a family are of common 
occurrence. 


CLINICAL AND GENETIC OBSERVATIONS ON SPONTANEOUS MAMMARY CARCI- 
NOMA OF THE RaBBit. Louise Pearce and Harry S. N. Greene, Princeton, 
N. J. 

Abstract. Ina group of interrelated families of Belgian rabbits which comprises 

one of the pure breeds in a large rabbit breeding colony, the incidence of breast 

abnormalities, including tumor formation, and of malignant tumors in particu- 

lar, has been high. Spontaneous mammary gland tumors of the rabbit are gen- 
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erally regarded as being extremely rare, and with this notable exception our own 
experience is in accord with that of others. An analysis of the female population 
of the colony covering an 8 year period shows that in 115 females representing 
16 pure breeds other than the Belgian, and under observation 3 years or longer, 
there have been 3 cases of malignant breast tumors, an incidence of 2.4 per cent. 
In a second group of 124 similar pure bred females followed 2 to 3 years, no 
breast tumors developed. Finally, in 2 groups of mixed hybrids in which the 
Belgian breed was not represented, comprising 154 females followed for 3 years 
or longer and 220 observed for 2 to 3 years respectively, no breast tumors 
developed. 

In contrast with these results are the findings in the group of pure bred Bel- 
gians. In 14 females under observation for 3 years or longer, there were 6 cases 
of breast tumors diagnosed microscopically as adenocarcinoma, an incidence of 
42.9 per cent, and a 7th case occurred among 25 females under observation for 
2 to 3 years. It is noteworthy that there were 2 instances of tumor development 
in a mother and her daughter. In 2 groups of miscellaneous hybrids, in which 
the Belgian breed was variously represented, there were 26 females observed for 
3 years or over, and 55 for 2 to 3 years respectively. In the former group there 
have been 4 animals, 3 of which are living, in which breast changes very sug- 
gestive of carcinoma have developed; in the latter group there was 1 case of 
breast tumor which microscopically was diagnosed as adenocarcinoma. This 
animal represented a backcross generation to her male parent. 

The development of the tumors was associated with a cystic mastitis which 
occurred during the 2nd year of life and while the animals were in active breed- 
ing service. The course of the cystic changes was variable and in some cases they 
were recurrent. Eventually they became persistent and were associated with 
more or Jess induration and accumulation of secretion throughout the mammary 
ducts. Small shotty nodules could be palpated in the breast tissue and their 
continued growth formed the basis for the tumor. Microscopic examination of 
tissue obtained at successive biopsies showed typical progressive changes from 
adenofibroma or fibroadenoma to adenocarcinoma. 

The duration of life of 4 uninterrupted cases was 3 years 2 months to 4 years 
6 months, and at autopsy metastatic growths in various sites were found in each 
case. Two animals were killed while the tumor was comparatively small and no 
metastatic growths were found. Microscopically, these tumors presented the 
same picture as those of the 4 metastasizing tumors. The 7th animal is still 
living, and again the diagnosis has been made by microscopic examination of 
biopsy tissue. Transplantation of 1 tumor has been accomplished for 1 genera- 
tion by the intraocular route. Intracerebral transplantation of another tumor 
was successful for 1 generation, the growth taking place in the lateral ventricle, 
but subsequent transplantations were unsuccessful. 

The Belgian breed of rabbits generally presents many difficulties with respect 
to the raising of vigorous individuals. The stock from which our animals are the 
progeny was derived from 5 sources. In the attempt to obtain robust and long- 
lived animals, these lines were variously crossed with the production of a num- 
ber of closely interrelated families. Tumors have developed most frequently in 
certain of these families. Little can be said, however, about the complex genetics 
of the affected individuals except that each of them is the descendant of the 
same male ancestor. 

Two females still living and representing an F; generation, that is, the progeny 
of a tumor-bearing female and a male of an unrelated breed, have developed 
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tumors that appear to be malignant. Another F; female has developed recur- 
rent cystic changes of the breasts that have been associated with later tumor 
formation. At present, however, we prefer not to interpret these findings on the 
basis of the operation of a dominant factor for two reasons. First, it is possible 
that future observation will show that tumors of the breast or tumors in other 
locations occur in the lines represented by the male parents. And second, 
tumors have not developed in several other F; females under observation for 
more than 3 years. It should be mentioned in this connection that observations 
on the F2 progeny are now in progress. 

The development of these several interrelated families of rabbits constitutes 
in reality the development of so-called tumor-bearing lines. The material thus 
made available provides for the first time an opportunity for investigating the 
etiology of spontaneous malignant breast tumors in this animal species. 


Discussion 


(Dr. H. Gideon Wells, Chicago.) I want to congratulate Dr. Pearce and her 
associates. Just as with the original work of Yamigawa, the importance of this 
consists in getting the disease in an animal which so seldom has it, ruling out a 
lot of complicating factors from spontaneous tumors, so I think this is going to 
give us a lot of valuable information which has been difficult to get in an animal 
as susceptible as the mouse. 

(Dr. Harry S. N. Greene, Princeton.) I have examined sections from animals 
in various stages of tumor development and there are two points relative to 
their pathogenesis that I would like to amplify. All of the tumors arise in asso- 
ciation with cystic breast changes which are microscopically identical with those 
observed in cystic mastitis in women. The cystic changes occur and regress, but 
eventually a nodule persists. Microscopically, the nodule shows tissue changes 
comparable with those observed in fibroadenoma of the human breast. After a 
variable time epithelial cells invade the stroma of the nodule. Then one of two 
things may happen. If the animal continues in good physical condition for a 
sufficient length of time, invasion and metastasis occur. If, on the other hand, 
the anaplastic change occurs in an old animal, or in one in a poor physical state 
which persists, invasion and metastasis do not occur despite the local malignant 
changes. In some instances atypical proliferation of acinar epithelium occurs 
in a wide area and fibroadenomatous nodules do not appear, but usually the 
sequence of events proceeds in the manner described. 

The second point I should like to emphasize is the similarity of the endocrine 
changes in animals with breast and with uterine tumors. The adrenals, thyroid 
and hypophysis are similarly affected in both groups, but the changes in the 
hypophysis are most marked in animals with breast tumors. This gland weighs 
between 50 and 70 mg. in normal animals of the Belgian breed, but in tumor- 
bearing members the weight is increased to from 200 to 300 mg. Microscopically 
there is a degranulation of all chromophilic elements with a marked increase in 
the number of chromophobes. Bioassay shows a complete absence of any normal 
hypophysial hormones. It seems probable, therefore, that both the uterine and 
the breast tumors may arise on the same endocrinological basis, and that the 
location of the tumor in the breast in the Belgian breed and in the uterus in 
other breeds may be the expression of an accessory hereditary location factor. 

(Dr. Peyton Rous, New York City.) Have any injections of estrin been made 
in an attempt to precipitate the condition? 

(Dr. Pearce.) Such experiments are in progress. 
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A CoMPARISON OF THE VIRUS-INDUCED RABBIT TUMORS WITH THE TUMORS OF 
UNKNOWN Cause ELIcITED BY TARRING. Peyton Rous and (by invitation) 
John G. Kidd, New York City. 


Abstract. A comparison has been made of the likenesses and differences ex- 
hibited by the papillomas resulting from inoculation of the Shope virus into 
domestic rabbits and the benign epidermal tumors of unknown cause which 
follow upon tarring. The virus growths are of a single, sharply defined sort, 
whereas those evoked by the tarring, though deriving from the same basal region 
of the epidermis, are of two kinds — the relatively rare “‘frilled horns” and 
common papillomas. Many of the latter when stimulated by tar take on the 
appearance of carcinomas without really being such. They are the well-known 
“carcinoids” which later, when tarring is discontinued, either revert to the 
papilloma form, become mere keratinized cysts, or vanish. So distinctive are 
the characteristics of the frilled horns and tar papillomas as to suggest that they 
have specific differing causes. 

No serological relationship between the virus and the unknown cause for the 
tar papillomas has been demonstrable, yet histologically the latter are strikingly 
like the growths caused by the virus when it reaches the epidermis by way of the 
blood stream. Tarring will enable it to do this, and furthermore to produce 
growths when otherwise this would not happen. Both the tar papillomas and 
the virus papillomas in tarred skin arise from the deeper side of the hair follicles; 
they evolve similarly, grow by intrinsic cell proliferation, and assume the same 
forms when proliferating, stationary or retrogressing. But the unknown cause 
of the tar papillomas does not act unless the cells have been changed in some 
special way by the “‘carcinogenic” tar, and it exerts only a mild and conditional 
compulsion. The virus, on the other hand, can act upon cells damaged in many 
ways; it urges them to vigorous proliferation, and the resulting tumors will 
progress without the aid of tarring, though markedly stimulated thereby. The 
tar papillomas do not ordinarily survive transplantation within their host, 
whereas the virus growths usually flourish. The formative influence of the un- 
known cause for the tar papillomas is not great, these frequently becoming 
carcinoids temporarily; whereas that of the virus is so pronounced that the 
carcinoid form is assumed only under exceptional circumstances. Carcinomas 
sometimes develop secondarily from tar papillomas after many months, while 
they arise often and early from virus papillomas, but by morphological changes 
that are similar. All in all, the comparison has shown that the unknown cause 
of the tar papillomas makes the epidermal cells do essentially what the virus 
makes them do, the observed differences being quantitative in nature save as 
concerns minor details. 

Discussion 

(Dr. S. B. Wolbach, Boston.) I present my ideas with a great deal of caution 
because I view the problems of carcinogenesis from a very different angle, which 
has come from the experiences of long pathological practice and some work I 
have done on following the responses to carcinogenic chemicals. I was rash 
enough to talk about this a few years ago. Since then I have accumulated a 
large amount of additional material but have not yet committed myself to 
publication. 

One of the compounds I have worked with is the dye stuff, 2-amino-5-azo- 
toluene, first shown by Yoshida to produce liver cell carcinomas after prolonged 
feeding to rats. I have studied the effect on rats through feeding experiments 
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and upon mice when the dye stuff is introduced subcutaneously at regular inter- 
vals. There is no important response in mice at the site of injection. In both 
mice and rats one can follow the effect of the chemical on the liver. There is 
marked damage to the liver cells, most pronounced at the periphery of the 
lobules. A certain number of the liver cells are killed and this, in my opinion, 
is the cause of the proliferation that is present, both in liver cells and in bile duct 
epithelium. The bile ducts proliferate in order to maintain continuity with the 
liver cell columns. There may be enough connective tissue response to produce 
a considerable degree of fibrosis of the liver. Throughout the 12 to 14 months 
necessary to produce tumors one can see, constantly, evidences of damage and 
repair. I have every reason to believe that liver cells, severely damaged, do re- 
cover. In the course of time there appear in these livers islands of liver columns 
quite like those we see in human cirrhotic livers. These islands represent cells 
that are now able to survive in the presence of the chemical. I believe they have 
acquired a certain amount of resistance. In the subsequent continuation of the 
experiment the liver cells in these islands continue to show the effects of the 
chemical, but much less markedly than normal liver cells, and the rate of repair 
is able to preserve the tissue as a whole. From these islands of regeneration the 
tumors take origin. 

In another type of experiment — the introduction of dibenzanthracene be- 
neath the skin in pellet form — I find equally definite evidence of destructive 
effect of the agent, but eventually the reparative response gains impetus and a 
period ensues when the cells are no longer destroyed by the agent. Here again I 
see the acquisition of local immunity as a stage in the transformation of the cells. 

In skin paint experiments, using benzpyrene and methyl cholanthrene, a less 
easily followed sequence of events indicating acquisition of considerable degrees 
of tolerance or immunity to the agents used can be demonstrated. 

I have no hesitation in saying that the agents I have used have all been de- 
structive in the first effect and since the idea came to me of immunity as one of 
the stages in carcinogenesis I have been studying the tissues more carefully in 
order to get an idea of the type of cellular damage produced by the chemicals. 
The effects of all these agents on the cells reminds me much more of the effects 
of bacterial toxins. I am now very certain that cells may be severely damaged 
and yet survive and that we must take into account repair of the cell structure 
itself as an important feature, and this is to be distinguished by the repair that 
follows the death of cells that require mitotic division. 

It is through this type of study that I get courage to throw the gauntlet to 
Dr. Rous in regard to his thesis that the unknown agent of tar carcinoma is a 
virus and that all that tar does is to open the door for the entrance of viruses. 
I prefer to take the viewpoint that the Shope virus, for example, is merely an- 
other carcinogenic agent, and that the transformation of normal tissue to tumor 
tissue is brought about by the type of activity within the cell which the agent 
produces providing the responses are maintained over a sufficiently long period 
of time. A tumor produced by a so-called carcinogenic chemical continues to 
grow and it has been shown that it eventually shows no trace whatsoever of the 
agent employed. I am inclined to believe that the carcinomas induced through 
the action of the Shope virus become quite independent of the presence of the 
virus. In other words, the virus is needed for a period of time to bring about the 
irreversible changes, whatever they are, that accompany the genesis of the tumor. 

This afternoon I reported on the effect of riboflavin deficiency on the cornea 
of the rat. I said nothing about the effect of riboflavin deficiency on the skin of 
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the animals, the denuding effect followed by a dermatitis. If the deficiency is 
continued long enough the changes produced in the epidermis and corium of the 
skin simulate, to a remarkable degree, the changes produced by such substances 
as benzpyrene and methyl cholanthrene on the surface of the skin. The simi- 
larity is such as to warrant the speculation that these carcinogenic agents 
destroy, prevent, or interfere with the same biochemical systems that are 
interrupted when the vitamin is withheld. 

No one can question the tremendous value of Dr. Rous’ contributions, but 
I maintain that an explanation other than his may apply to the results that his 
superbly ingenious experiments have produced. 

(Dr. Rous.) It is possible to explain cancer in any one of a number of ways 
by simply pushing one’s assumptions a little farther than the actual facts war- 
rant, and Dr. Wolbach seems to me to have done that. For example, one can 
say that cancer is due to a new mutation of somatic type, and if it be objected 
that no somatic mutations are known which involve a falling away from organ- 
ization, such as tumors show, the answer can be made, “Yes, but this is a new 
kind of mutation.” In the same way, one can explain cancer as due to an ab- 
normality of mitosis. True, many people have looked at mitoses in carcino- 
matous tissue and failed to find anything distinctively wrong, but to that the 
reply is at hand that they haven’t looked hard enough or used the right method. 
Yet again, it can be asserted that cancer results from a permanent change in 
intrinsic cell activities, and this seems to express Dr. Wolbach’s view. To the 
question, where do examples of this last sort of thing exist in the natural world, 
the answer can be made that tumors afford them. But this answer cannot suf- 
fice: what one must have in the end is facts. And it is an ascertained fact that 
some tumors are due to viruses. It does not follow that all tumors are referable 
to such agents, but the fact makes this possibility a good bet for investigation. 

(Dr. Joseph Tannenberg, Albany.) I should like to ask whether or not foci 
of common chronic inflammation such as burns, or granulation tissue produced 
by infusorial earth, are also foci of predilection when the cancer-producing 
viruses are administered by way of the blood stream. 

(Dr. Rous.) Tar for some reason determines localization of the virus better 
than anything else we know. If one injures the ear with barium sulphide and 
injects virus, almost none comes out in the acutely inflamed area, few or no 
papillomas developing. If the skin is tattooed with sterile needles several hours 
prior to an intravenous injection, no virus localization takes place at the injured 
spot, though this is inflamed and edematous. I do not know why that is. 
Kreyberg and others have shown that tarring the skin renders its vessels ex- 
tremely abnormal, and probably the virus gets out from them with special ease. 

I would like another shot at Dr. Wolbach, or rather at myself. A way to test 
whether viruses are responsible for the tar tumors would be along the lines he 
has formulated, namely by a broad study of the growths elicited by a variety of 
carcinogenic agents, to see whether these evoke the same or different types of 
tumors. They ought to be of much the same type, irrespective of the carcino- 
genic agent used, if viruses are their actual cause. 


NEOPLASTIC DISEASE OF THE PANCREAS IN REpTILEsS. Herbert L. Ratcliffe, 
Philadelphia, Pa. 


Abstract. Carcinomatous changes observed in sections of an apparently en- 
larged pancreas from a pine snake (Pituophis sayi) has stimulated systematic 
microscopic study of this organ in reptiles that have died at the Philadelphia 
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Zoological Garden. Thus far, lesions have been limited to the pancreases of 
snakes (Serpentes). Of 72 specimens from both old and new world species, 15 
have exhibited histological changes that suggest carcinoma. Focal lesions, 
possibly early stages in the process, were found in 9 others. As a rule, both 
types of abnormalities can be detected only by microscopic study. Neither 
metastasis nor extension to other organs has occurred. 

The exact nature of these lesions cannot yet be determined, but it is possible 
to rule out postmortem artefacts and response to acute inflammation. 


Discussion 

(Dr. H. Gideon Wells, Chicago.) Did I understand you to say that you found 
this disease in various species of snakes? I remember you described one some 
time ago in a pine snake. Fifteen out of 72 haphazard snakes showing this, in 
view of the superb vigor and vitality of most of the snakes I have met, to me 
would indicate it is not a disabling disease, and therefore probably not a true 
neoplasm. 

(Dr. E. B. Krumbhaar, Philadelphia.) Bearing on the question of origin, can 
Dr. Ratcliffe give us any information on the length of time the snakes have been 
in captivity? Would that throw any light on this condition — whether it is 
found more often in captured wild snakes, or in snakes shortly after they have 
been in the Zoological Gardens, or in snakes that have been there for a longer 
time and perhaps have become acclimated to an abnormal environment? 

(Dr. Ratcliffe.) In reply to Dr. Wells’ question about the various species in 
which the disease has occurred, I have found it in 3 types of rattlesnakes, as well 
as in non-poisonous reptiles, such as black snakes, King snakes and pine snakes. 
Very few old world species have been involved. 

In answer to Dr. Krumbhaar, the disease has developed chiefly in snakes that 
have died within a short period after capture, especially in those that seem to be 
the least adaptable to confinement. Possibly it would be found more commonly 
in old world species if those that die shortly after capture could be examined. 


Lympu NopE METASTASIS OF SARCOMA (EXCLUDING LyMPHOSARCOMA). Shields 
Warren, Boston, Mass. 


Abstract. Among 237 cases of fibrosarcoma, leiomyosarcoma, rhabdomyo- 
sarcoma and osteogenic sarcoma, 18 showed lymph node metastasis. Of the 
cases with lymph node metastasis, radical dissection of the regional nodes gave 
more cures and longer survival period in ultimately fatal cases than mere 
dissection of the involved node. 


ANGIORETICULOENDOTHELIOMA (Kaposi’s DisEASE). A REporT OF Two Con- 
SECUTIVE CASES ORIGINATING IN THE HEART. Roger M. Choisser and 
(by invitation) Elizabeth M. Ramsey, Washington, D. C. 


Abstract. Kaposi’s disease has been known to dermatologists for 76 years as a 
chronic lesion occurring particularly on the extremities of middle-aged males of 
Eastern and Southern European origin. The importance of the disease from the 
standpoint of general medicine lies in the occasional occurrence of characteristic 
lesions in the viscera. Among the 500 cases of Kaposi’s disease described in the 
literature to date some 10 per cent show such involvement. There is no una- 
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nimity of opinion as to whether these lesions represent true metastases or inde- 
pendent primary foci since it has not yet been decisively determined whether 
the disease is neoplastic or granulomatous. 

Two cases recently observed stress the general significance of Kaposi’s disease 
and present certain features not previously described. Both patients were 
American males in the 3rd decade of life. Both died within 8 weeks from the 
onset of symptoms diagnosed ‘“‘influenza.” In each the terminal signs were 
those of ‘‘cardiac compression syndrome” and paracentesis revealed bloody 
fluid in the pericardial cavity. No skin lesions or blood changes occurred in 
either case. In each, autopsy demonstrated primary involvement of the right 
auricular wall by an infiltrating tumor mass. In the 1st case the lesion was 
limited to this Jocation. In the 2nd there was infiltration throughout all of the 
cardiac musculature and in the diaphragm, liver, lungs and mediastinal lymph 
nodes. 

Microscopically the tumor nodules showed the picture characteristic of 
Kaposi’s disease—namely, proliferation and dilatation of blood and lymphatic 
vessels, proliferation of connective tissue, areas of hemorrhagic extravasation 
and pigmentation, infiltration of monocytes, plasma cells and pus cells. Silver 
impregnation stains (Bielschowsky) showed a massive proliferation of reticulum. 

Morcellated portions of fresh tumor tissue and Berkefeld filtrates of such 
preparations were injected by various routes, subcutaneously, intraperitoneally, 
intravenously and intracerebrally into a number of experimental animals, rab- 
bits, mice, guinea pigs and canary birds. A localized pyogenic abscess developed 
in a rabbit at the site of subcutaneous inoculation. Up to the present time (106 
and 79 days respectively, since injection), no local or systemic reaction was seen 
in any case. These negative results are in agreement with those of other workers 
who have attempted experimental transmission of the disease.’ 

While the age and nationality of the patients and the rapidly fatal course of 
the disease are unusual features of Kaposi’s disease, it is the lack of skin and 
intestinal lesions and the primary involvement of the heart which are entirely 
unique. Careful search of the literature fails to reveal any previous report of a 
similar case. 

On the basis of morphology, clinical course and negative results of animal in- 
jection, it is concluded that the theory of the granulomatous nature may be 
ruled out and that the lesion is truly neoplastic. Since the reticuloendothelial 
system alone can give rise to such diverse elements as compose this tumor and 
since it is characterized by unbridled proliferation of reticulum and formation 
of angiomas with hemorrhage and pigmentation, the disease should be classified 
as an angioreticuloendothelioma. 


Discussion 


(Dr. Paul Klemperer, New York City.) I wonder if one should apply the 
term “‘Kaposi’s sarcoma” to tumors that do not originate in the skin. While it 
is perfectly correct to call these tumors angiomatous, I do not think one should 
use the term ‘“‘ Kaposi” for a tumor that does not originate in the skin. Kaposi 
himself saw this tumor exclusively in the skin and later reported metastases 
only. I do not think one should speak of a tumor that has not originated in the 
skin, even though it has this angiomatous appearance, as Kaposi’s sarcoma. 
We should use the histological term only. 

(Dr. Choisser.) The reason for calling it Kaposi’s disease in these particular 
cases was on account of the identity of the histological structure to what Kaposi 
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described in the skin. We agree with Dr. Klemperer that all neoplasms should 
be designated in histological terms as we did in this instance. Kaposi’s disease 
was added in parenthesis in the title of our paper for identification only. 


UNusUAL NEOPLASMS OF THE SMALL INTESTINE. Samuel A. Goldberg, Newark, 
N. 

Abstract. Neoplasms of the small intestine, according to the literature, are 

rare. With more precise methods of clinical and roentgenological diagnosis an 

increasing number of such cases is being reported. 

During the past 8 years there have been in the Newark Presbyterian Hospital 
23,426 surgical cases with 194 neoplasms of the gastro-intestinal tract, of which 
9 were in the small intestine. The percentage of tumors of the small intestine is 
4.6, which is about the same as the statistics given in the literature. The loca- 
tion and types of these 9 neoplasms were quite different. In this series 3 were 
in the duodenum, 5 in the jejunum and 1 in the ileum. Examination of the 
tumors showed 4 adenocarcinomas, 2 leiomyosarcomas, 1 multiple microcystic 
lymphangioma and 1 hemangioma. 

The 3 adenocarcinomas of the duodenum included 1 in the third portion, and 
2 in the second portion, 1 accompanied by jaundice, and the other free from 
jaundice. The 5 in the jejunum included 2 leiomyosarcomas, 1 stenosing annular 
adenocarcinoma, 1 ulcerating adenocarcinoma and 1 hemangioma. 

The tumor in the ileum was a very extensive and unusual lymphangioma 
characterized by small cysts lined by endothelial and giant cells originating in 
the submucosa and producing pressure atrophy of the Peyer’s patches and the 
villi, best described by the term lymphangioma muitiforme microcystica. 


Discussion 


(Dr. Paul Klemperer, New York City.) I think among the malignant tumors 
of the small intestine we must recognize the malignant argentaffine tumors. I 
have seen 10 tumors of this type within the small intestine, some of them multi- 
ple, with the typical appearance as in the appendix, 3 of which were resected 
because of definite clinical symptoms. Of these, 2 showed lymph node metas- 
tases. One observed incidentally at autopsy showed a very small metastasis in 
the liver. It is interesting that the 2 cases in which the lymph nodes were in- 
volved reacted very favorably to radiotherapy. 

In regard to the tumor which Dr. Goldberg interpreted as a lymphangioma 
multiforme microcysticum, I wonder if another interpretation might not be 
possible. The picture reminded me of a disease much more frequent in animals 
than in man — pneumatosis cystoides of the intestine. I have seen it only in 
pictures in the intestine, but I have seen the same condition in the bladder, and 
it has some resemblance to what Dr. Goldberg described, especially the presence 
of giant cells within the cysts. 

(Dr. Theodore J. Curphey, New York City.) Did any of these tumors show 
regional or distant metastases? 

(Dr. Harry C. Schmeisser, Memphis.) I am interested in Dr. Goldberg’s 
presentation for the reason that a few years ago Dr. Robert M. Moore and I, 
after a brief review of the literature, reported the following 3 unusual cases of 
benign tumors of the small intestine: (1) cavernous hemangioma of the duo- 
denum, (2) myoma of the ileum, and (3) multiple fibromas of the ileum. The 
hemangiomas are surprisingly rare; the literature revealed 24 such cases exclu- 
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sive of ours. In the literature we found 46 cases of myoma, to which we added 1 
weighing 250 gm. Of the 41 cases of fibroma reported in the literature, exclusive 
of ours, only 2 were multiple. The larger tumor in our case weighed 1140 gm. 
and the smaller 80 gm. 

(Dr. Goldberg.) In reply to Dr. Klemperer’s statement it is possible that the 
lesion in the ileum may be of inflammatory origin because of the presence of 
giant cells. On the other hand, stasis of lymph or destruction of the fatty tissue 
in the submucosa might stimulate the production of these giant cells. This 
specimen has been seen by Dr. Ewing and Dr. Martland and they agree it is a 
lymphangioma. 

In reply to Dr. Curphey’s query, of the ro cases in this series there were 3 
myosarcomas, 1 of which showed metastases. One was removed 7 years ago and 
the patient is still alive. There were 5 adenocarcinomas, 3 of which showed 
metastases. The annular carcinoma of the jejunum was removed a little more 
than 2 years ago and the patient is still alive. The other 2 cases were benign 
neoplasms. 


MULTIPLE PRIMARY MALIGNANT Tumors. Richard S. Austin, Cincinnati, Ohio. 


Abstract. In the performance of 8124 autopsies malignant tumors were en- 
countered in 887 cases, of which 24 presented more than one type of primary 
carcinoma. This is a frequency of 2.7 per cent, which is higher than can be ex- 
plained on the basis of chance. Cases of carcinosarcoma have been included, 
but not cases of malignant tumors of a single histological type but multicentric 
in origin. Except for 2 of the 24 cases of multiple carcinoma, at least one of the 
types of carcinoma in each case had its primary site in some portion of either 
the digestive or urogenital systems. 


Discussion 


(Dr. H. Gideon Wells, Chicago.) One point I think in favor of the view that 
these figures that you give are more than chance and indicate something in the 
way of a systemic susceptibility is the experience of all people who are producing 
lines of animals with a high incidence of tumor — namely that in animals of 
long ancestry of high tumor incidence we get a surprising number of multiple 
tumors. Dr. Slve has had mice with 6 or 7 different tumors in the same mouse, 
and one anima! was made up of about 80 per cent tumor tissue, indicating that 
these mice have a peculiarly high susceptibility to carcinoma. Mice often have 
6 or more tumors of the breast at the same time. 

(Dr. C. V. Weller, Ann Arbor.) Dr. Austin made the statement that the inci- 
dence of multiple tumors is very much higher than chance alone can explain. 
I sympathize with that view. I am glad to hear him express that opinion; it is 
in line with my own thought, but I would like to know how he arrived at that 
conclusion — by what statistical method. Dr. J. C. Bugher worked in my de- 
partment for 2 years on a very complex and difficult mathematical analysis of 
this question, in which he attempted to derive the equations for the curves of 
tumor incidence. If you will read his paper carefully you will find that even 
after this detailed mathematical study the implication is not too strong that he 
proved that these tumors occur more frequently than chance alone can explain. 
I should like to know whether Dr. Austin arrived at his conclusions by the 
mathematical method. 

(Dr. Cronheim, Albany.) I am personally convinced that the occurrence of 
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multiple primary malignant tumors is more than a matter of chance. While 
working during the last year at the Mount Zion Hospital in San Francisco I was 
able to see in autopsy material from 95 cases 2 cases of double carcinoma. One 
was a carcinoma of both breasts, both microscopically entirely different types 
so that a metastasis was completely out of the question. The 2nd case was a 
carcinoma of the breast and a carcinoma of the stomach, also entirely different 
types. At the same time among our surgical material a case of double primary 
carcinoma was observed with carcinoma of the breast removed ro years ago and 
a recent myxosarcoma of the ascending colon. In this series no cases were in- 
cluded where a malignant tumor of an organ developed after a carcinoma of the 
skin because it was felt that skin carcinomas, even though they have the mor- 
phological appearance, physiologically do not behave in a malignant fashion. 
It probably must be assumed that carcinoma is a generalized disease occurring 
in a predisposed organism. Usually our patients die within a relatively short 
period after the first carcinoma has been diagnosed and treated. With the im- 
provement in these methods and the longer life expectancy of the patients more 
and more multiple primary growths will be observed. 

(Dr. Shields Warren, Boston.) I want to express my appreciation of Dr. 
Austin’s stressing the need for very rigid criteria in admitting multiple carci- 
nomas. From time to time we run across cases the Residents are very enthusi- 
astic about, but on careful microscopic study they do not turn out to be true 
multiple tumors. 

I might say that in a series of nearly 10co carcinoma cases which we have been 
collecting since 1932, Dr. Gates and I have found approximately the same num- 
ber of multiple tumors that we found up to 1932. I have no doubt Dr. Austin is 
familiar with the studies of Lund on carcinoma of the mouth where from the 
clinical angle it was found that the expectation of multiple carcinomas on a 
chance basis was exceeded 8 to 10 times. Apparently the mouth shares with the 
large intestine a marked proportion of multiple tumors. 

I should like to ask if the age was followed carefully in these cases. The very 
large number of prostatic cases made me wonder if perhaps a considerable 
number did not fall in the rather older age groups. 

(Dr. Harry C. Schmeisser, Memphis.) I have been much interested in this 
subject for the last few years because we have quite a number of apparently 
multiple primary malignant tumors. We found on looking into the literature 
that they are not particularly rare, and this is borne out by Dr. Austin’s tables, 
but many of the cases may be questioned because the criteria seemed not always 
reliable. We have insisted on the following minimum criteria: (1) Each lesion 
must be proved a tumor by its lawless growth. (2) Each tumor must be proved 
malignant by its invasiveness or metastasis. (3) Each malignant tumor must be 
proved to be primary by occurring where primary tumors commonly are found, 
or if located where secondary tumors usually occur, a very careful search must 
exclude a primary tumor elsewhere. (4) Preferably the primary tumors should 
be of different specific tissues, as for example, a carcinoma and a sarcoma. 
(5) Acceptable, the primary tumors should be of different types of the same 
specific tissue, 7.c. adenocarcinoma. (6) Least acceptable, the primary tumors 
should be of the same type of the same specific tissue, as exemplified by 2 
squamous cell carcinomas occurring in such locations as to exclude the possi- 
bility of one being secondary to the other. (7) Autopsy material is preferable 
to surgical because it permits of a more complete study. (8) Finally each case 
must be decided on its merits. 
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(Dr. Esmond R. Long, Philadelphia.) It would seem to be about as bad an 
error to omit cases through excessively rigid criteria in interpreting a double 
primary carcinoma as to make a mistake in the opposite direction. 

(Dr. Joseph Tannenberg, Albany.) According to my experience in a large 
German pathological institution that had about 1800 autopsies a year, I should 
think that multiple malignant tumors are still more frequent than is expressed 
by the statistics reported by Dr. Austin. I think so because, from this institu- 
tion and others of similar size, single instances of multiple carcinomas were not 
reported in the literature, and therefore would be absent from the collective 
statistics that comprise the cases reported in the literature. 

As to the question whether or not 2 carcinomas of the same case should be 
counted as multiple malignant tumors, I can see no reason for not counting 
them when they differ enough in their location and histology, as, for example, 
a squamous cell carcinoma in the esophagus and an adenocarcinoma in the 
rectum. 

(Dr. N. Chandler Foot, New York City.) One thing that should be brought 
out in connection with this is the importance of studying the patients during 
life as well as on the autopsy table. I think many multiple tumors may be 
missed in that way. I have a definite case in mind. We had a patient who came 
into the Hospital in 1934 with a malignant tumor of the carotid body, a very 
unusual type of carotid body tumor. In 2 years she was back and had a per- 
fectly typical adenocarcinoma of the colon which necessitated a subtotal re- 
section. This second tumor was totally unrelated to the malignant tumor of 
the carotid body. Had that woman gone to some other hospital in some other 
city and later come to us, the chances are we should have known nothing about 
the first tumor at all. This patient is still alive and well. 

(Dr. Willard S. Hastings, Philadelphia.) A question which interests me very 
much in this connection regards the significance of including benign tumors in 
such a study as this. I do not know what has been done in this way. Since the 
borderline between benign and malignant is often so indefinite, multiple neo- 
plasms of all types might be expected to follow the same general rule as the 
malignant ones alone, and be somewhat less subject to the uncertainty coming 
from metastasis. The problem may perhaps be somewhat less interesting, how- 
ever. | think most of you will agree that the occurrence of leiomyomas of the 
uterus in an autopsy series that is made up largely of malignant tumors of other 
parts will be very much according to the laws of chance. The same is true of the 
pigmented nevi, if we consider them neoplasms. The autopsy material in our 
institution is largely made up of malignant cases, and I think, without ever 
having counted them, that these two examples of benign tumors occur in much 
the same number as in the general population. Of course instances of multiple 
tumors are numerous if we include the benign ones. 

(Dr. Austin.) In reply to Dr. Weller, I am acquainted with the article to 
which he refers in which the preponderance of the evidence was that the tumors 
occurred more frequently than would be due to chance, but the author could 
not prove it. Perhaps I overstated the case; a number of articles have attempted 
statistical analysis, comparing the population and cancer incidence, and multiple 
cancers seem to occur more often than chance would indicate. It is probable 
that this is significant, although I do not think it has been mathematically 
proved. 

As far as Dr. Wells’ comments are concerned, we know that a fraction of the 
population is highly susceptible to cancer. If there are differences in degree or 
kind between the non-cancer susceptibles and the cancer susceptibles, it is 
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possible that among the cancer susceptibles there are varying degrees of suscep- 
tibility, so that in some cases primary carcinoma is not confined to the same 
organ or system but involves others. 

Some of the discussion does not need any comment, but I should like to speak 
of some of the questions which Dr. Warren raised. I am acquainted with Dr. 
Lund’s work. He included some tumors of the same type as ‘‘ multiple tumors,” 
but I do think his publication on that basis is quite significant. As far as the age 
of the patients goes, the general distribution is about the same as that of cancer 
patients. Five of the prostatic tumors were in men above 70 years of age. 

Dr. Schmeisser said he thought we should be even stricter in our criteria. I 
thought I was leaning over backwards. I did count what I call ‘“‘double carci- 
noma” cases; they are different types in different sites, ruling out the metastatic 
situation. As far as the respiratory system is concerned there were no primary 
carcinomas of the lung in the series. They were either fibrosarcoma or endo- 
thelioma coincident with carcinoma elsewhere. There was no question of 
metastasis to the lung. 

In regard to Dr. Hastings’ remarks, if we did include benign tumors we would 
certainly have a very high total of cases of multiple tumors. 


IDIOPATHIC CARDIAC HYPERTROPHY WITH COR PULMONALE. Norbert Enzer, 
Milwaukee, Wis. 


Abstract. A white male 29 years of age died after 3 weeks of progressive cardiac 
decompensation of abrupt onset. At postmortem examination a massive hyper- 
trophy of the heart was discovered for which no adequate explanation was 
apparent. The right chambers were enormously distended and their walls 
greatly thickened. 

A review of the literature and a discussion of the possible explanations for 
this hypertrophy are offered. 


Discussion 


(Dr. Maude E. Abbott, Montreal.) Were the tissues stained for glycogen? 

(Dr. Benjamin J. Clawson, Minneapolis.) I have been interested in this 
group of hearts, not only in children and young people but in older people. We 
have found quite a number of cases with cardiac hypertrophy, dilatation and 
congestive failure where the clinicians over quite a long period of time, for 
several years, have repeatedly taken blood pressures and have found them not 
to be elevated. Whether these are the same as the case reported by Dr. Enzer 
I do not know, but there does seem to be a group of adults who do have idio- 
pathic cardiac hypertrophy. 

(Dr. Alfred Plaut, New York City.) What was the condition of the pre- 
capillary small vessels in the lung? 

(Dr. Enzer.) In reply to Dr. Abbott, the postmortem examination was done 
4 months after death. We tried to stain the tissues for glycogen. None was 
found, but I am not certain that it was a proper specimen for the determination 
of glycogen. 

The clinical history in the case indicates this patient had a normal blood 
pressure. The only defect in the examination was the absence of electrocardi- 
ographic tracings, of which none were obtained. 

In reply to Dr. Plaut, we were particularly interested in the lungs and made 
large serial sections of numerous areas, studying the vessels and elastic tissues, 
and found them entirely normal as compared with individuals of the same age. 
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A CLASSIFICATION OF LEUKEMIC AND ALLIED ConpiTiIons. Virgil H. Moon, 
Philadelphia, Pa. 


Abstract. Years ago Sternberg proposed to differentiate these conditions ac- 
cording to the type of cells, the presence or absence of local invasive growth and 
of leukemic blood. Later MacCallum used the same criteria in an amplification 
of Sternberg’s classification. This same scheme expanded to include reticulo- 
endothelial cells provides a simple and practical classification for this entire 
group of disorders. 

Three main divisions are determined by the three types of cells involved: 
lymphoid, myeloid and monocytic (reticuloendothelial). These are further 
subdivided according to the presence or absence of leukemic blood and of local 
invasive neoplastic growths. 

Let the presence of leukemic blood be represented by the symbol +A and its 
absence by —A. Also let the presence of malignant neoplastic growth be desig- 
nated by +B and its absence by —B. The possible combinations of these 
features are as follows: 


I. Lymphoid hyperplasia 
+A —B Lymphoid leukosis (or lymphoid leukemia), acute or chronic 
—A —B Aleukemic lymphadenosis (pseudoleukemia) 
+A +B Leukosarcoma 
—A +B (1) Primary neoplasm of lymphoid tissue: lymphosarcoma 
(2) Primary neoplasm of bone marrow: lymphoid or plasma 
cell myeloma. 


II. Myeloid hyperplasia 
+A —B Myeloid leukosis (or leukemia), acute or chronic 
—A Aleukemic myelosis 
+A +B  Leukomyelosarcoma 
—A +B (1) Myeloid tumor not originating in bone marrow: 
myelosarcoma 
(2) Myeloid tumor of bone marrow: myeloid myeloma 


III. Reticuloendothelial hyperplasia 
+A —B Monocytic leukosis (or leukemic retotheliosis) 
—A —B Aleukemic retotheliosis (giant lymph follicle hyperplasia?) 
+A +B  Leukoretothelioma (or leukoretosarcoma) 
—A +B (1) Neoplasm of retothelial tissue: retothelioma (or reto- 
sarcoma) 
(2) Retothelial neoplasm of bone: Ewing’s tumor (?) 


This scheme provides for a systematic grouping based on morphological 
features of the leukemic and related conditions. It simplifies discussions and 
greatly facilitates the didactic presentation of this subject to students. Obvi- 
ously this system will not classify conditions in which it is not possible to 
determine the type of cell, the presence or absence of local neoplasia and of 
leukemic blood. But no other classification is possible when these items are 
indeterminate. 


Discussion 


(Dr. Harold Gordon, Louisville.) I should like to ask Dr. Moon where he 
would place those leukemias where the type of cell is not readily determined, or 
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where pathologists cannot agree — the one sometimes referred to as blast cell 
(stem cell) leukemia. 

(Dr. J. Earle Ash, Washington.) I should like to ask where Dr. Moon places 
the lipoid-reticuloendothelial disease and Hodgkin’s disease. 

(Dr. Herbert Fox, Philadelphia.) I would be glad if a system of such sim- 
plicity could be agreed on and accepted by pathologists, but I wonder to what 
degree it is very helpful, and this is no reflection on the speaker, to the patholo- 
gist who has to examine biopsy material, and whether he can classify material 
that is handed to him and sometimes cut out badly by the surgeon, and apply 
these AB’s. I quite agree with the whole effort. I think there are some cases in 
which it would not entirely hold, but if the pathologist be consulted on the 
selection of material on which to make a biopsy, and can advise in selecting a 
suitable gland, not the oldest or the youngest, away from the drainage line, and 
if suitable stains are applied, perhaps we would come closer to adopting what 
Dr. Moon has suggested. 

(Dr. Charles H. Bunting, Madison.) We always appreciate an attempt to 
simplify these various lymph gland- marrow-leukemic pictures, but I think, 
with due respect to Dr. Moon, that we have something here which Nature does 
not classify. There is one point I have always made to students, and that is that 
in the various leukemic states we have an involvement of both marrow and 
lymphoid tissue. In the so-called myeloid leukemia one quite constantly finds 
a myeloid transformation of lymphoid tissue. On the other hand, I have never 
seen a Jymphoid leukemia without marrow involvement, so I think that while 
primarily it is a good idea to try to classify these things, at the same time we 
must remember that all parts of the hematopoietic system are involved in all of 
these leukemic and aleukemic states. 

(Dr. Norbert Enzer, Milwaukee.) The late Dr. Jaffé made a very pertinent 
remark with respect to the classification of leukemia. When he was presented 
with a very laboriously worked out scheme for the classification of leukemia he 
remarked: “That is splendid — now let us see if we can make leukemia behave 
that way,” and I think that those of us who see occasional cases of leukemia 
would be hard put to it, as Dr. Fox has pointed out, to place these cases in the 
scheme of classification which Dr. Moon has presented. It might be more 
serviceable for the classification of completely worked out postmortem material. 
Dr. Herrick made a remark last night which could well be applied to this situ- 
ation with respect to the teaching of students of so complex a subject as leu- 
kemia. Perhaps we should not close the doors of their minds to the complexity 
of the subject. 

(Dr. Moon.) I will say in advance I am very grateful for the interest this has 
excited. If it has done no more than that it has accomplished in large measure 
its purpose. 

A question was asked regarding those cases in which the type of cell is not 
apparent. It is not possible to classify either leukemic or other neoplastic con- 
ditions if one cannot recognize the type of cell concerned. This scheme of classi- 
fication would not be applicable to such cases. There must be the determination 
of the type of cell; also the determination of whether the case has or has not 
leukemic blood, and the presence or absence of a local tumor growth. Given 
those three items (and without them one cannot classify anything) one can at 
least arrive at a designation which will tell the other fellow what this is. 

I do not believe this classification will apply to Hodgkin’s disease. I am not 
at all sure what Hodgkin’s disease is. Whether it is related to the leukemic con- 
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ditions has not been established, but most pathologists are able to recognize 
Hodgkin’s disease without confusing it with the lymphoid hyperplasias. There 
are difficulties on that point, and if one cannot determine them one cannot 
classify them. 

I agree with Dr. Fox that the selection of biopsy material is important. Prac- 
tically the only satisfaction we are going to get out of this group of conditions 
is our ability to put them into a pigeonhole. I believe we have formulated a 
scheme of classification which will aid in doing that. 

I agree with Dr. Bunting that frequently both lymphoid tissue and bone 
marrow are involved in these conditions, but this does not contradict the fact 
that the predominating cell in the hyperplasia is myeloid or lymphoid corre- 
spondingly. Sometimes two types of cells are participating in the hyperplasia. 
One advantage of this scheme is that it provides a logical designation for such 
cases. One can easily supply the combined designation, as suggested in the last 
slide. It is because of its adaptability to such situations that I have found the 
scheme quite useful. 


TuE EFFECT OF AGE, COLOR AND SEX ON THE WEIGHT OF THE HUMAN SPLEEN. 
E. B. Krumbhaar and (by invitation) Stuart W. Lippincott, Philadelphia, 
Pa. 


Abstract. It is surprising but true that we do not yet have acceptable values for 
the weight of the human spleen at different age periods, as influenced by color 
and sex. We have therefore attempted to secure more adequate figures, in two 
series, as follows: (a) an analysis of 2000 routine autopsy cases (omitting all 
those in which any considerable splenic lesions were found); and (b) an analysis 
of 2000 cases of violent death (where except for the shrinking effects of shock 
and hemorrhage and the swelling effect of a few cases of minor sepsis, the spleen 
was supposedly normal). In addition to a comparison of body weights, the data 
were further analyzed according to sex and color of the individuals, and accord- 
ing to the chief cause of death and the histological appearance of the spleen. 

Curves of the mean weights of the spleen for the several age groups were made 
for each series and were found to be strikingly parallel. As spleens in the first 
series were thought to be heavier than the hypothetical normal and those in the 
second series lighter, for the reasons given above, a curve for the combined 
4000 cases was constructed. This, in our opinion, comes nearest to the true 
average ‘‘normal”’ values of weights of human spleens at different ages. The 
spleen appears to reach its greatest weight in the 16 to 20 year group and to 
maintain a slightly lower weight through adult life to the age of 65 years, after 
which it loses in weight. In relation to the body weight the spleen is heaviest in 
the first age group (ratio of 0.0042), the ratio decreasing slightly to the age of 30. 
From there on the ratio of weight of spleen to body weight remains constant, 
or nearly so. Analysis according to sex and color shows that males have heavier 
spleens than females after the age of 15 years, and that negroes have lighter 
spleens than whites. Color appears to be a stronger factor than sex, as 
the spleens are heavier in the white females than in the male blacks. Analysis of 
the causes of death and of the histological appearances of the spleens brings out 
two points: (1) respiratory diseases are most frequent in the two age groups that 
have the heaviest spleens, and as such diseases tend to produce heavier spleens, 
they constitute a factor in the heavy weight in these groups; and (2), arterio- 
sclerosis becomes an important factor in the older cases, and thus may be cor- 
related with the lighter spleens found in the older age groups. 
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Discussion 


(Dr. Virgil H. Moon, Philadelphia.) I am particularly interested in this 
presentation because of the interest we had in this subject 10 years ago. In that 
series in which we compared the splenic weight of 1000 whites above 18 years of 
age with that of 1000 negroes of similar age, there was a very significant differ- 
ence. Many of the points which Dr. Krumbhaar noted were evident also in our 
survey of 2000 cases. Our patients all died of disease. But in every instance we 
eliminated all spleens enlarged by disease, and also those above 350 gm. in 
weight because they could confuse the ratio of normal splenic weights — the 
item for which the survey was made. In that series it was shown that the splenic 
weight was greater in the male than in the female, and that it declined with age. 
It was highest at the period of 18 years, the lowest age in our series. I wish to 
ask Dr. Krumbhaar approximately the ratio which was established in his series 
between the weight of the white and negro spleens respectively. I may say that 
in our series it appeared that the spleens of negroes were approximately two- 
thirds the size of those of whites of the corresponding age, sex and body weight. 

(Dr. Carl V. Weller, Ann Arbor.) As far as I can tell from the presentation, 
Dr. Krumbhaar’s results are comparable in every respect with those that 
Ahronheim obtained with us in a group of 1000 spleens. I should like to ask in 
respect to the group of accidental deaths whether it might not be that the error 
resulting from hemorrhage is not even more than offset by the fact that those 
who possess the lymphatic constitution, and therefore have large spleens, will 
be represented in that group in a larger proportion than in the general popula- 
tion. This might be true in deaths from drowning, for instance. I am convinced 
that an individual with an excess of lymphatic tissue will die under degrees of 
submersion from which another individual might be resuscitated. In that re- 
spect you may be obtaining a balancing correction between the two errors. 

Another point which is of no great importance, except from the standpoint of 
statistical analysis, is the alternation in the curve of the 5 year age periods. I 
noted in the curve that the hemidecades ending in 5 gave results several grams 
higher than those ending ino. Have you an explanation for this? The only one 
that occurs to me is that this must, in some way, be related to the well known 
error of approximate answers in respect to age. 

(Dr. Paul Klemperer, New York City.) I want to ask whether the high weight 
of the spleen in the 16 to 20 year period is due to the larger amount of lymphoid 
tissue. 

(Dr. Emmerich von Haam, New Orleans.) I should like to ask if there was 
any estimation of the difference between the contracted and the dilated spleens. 
In my experience with splenectomized animals I found that the difference in 
contracted and dilated spleens can be as high as 30 per cent of the weight of 
the organ. I should like to ask if such a possible factor was taken into consider- 
ation in the determination of the normal weight. 

(Dr. Krumbhaar.) In reply to Dr. Moon, I am confident that the spleens of 
blacks are notably lighter than those of whites. While we did not make quanti- 
tative comparisons, I would say that their weight was something like two-thirds, 
or possibly three-fourths that of whites. I might also say that while Dr. Moon 
got his figures from Blackley for his article published in 1928, and many of ours 
were from the same source, yet all of ours were from cases after 1928, so that 
there was no overlap. 

Dr. Weller spoke of Ahronheim’s paper. We are of course conversant with it, 
and I may say that we got essentially the same results that he did, though work- 
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ing from a slightly different point of view. There has been one very good paper 
on the lymphatic content of the spleen by Hellman of Stockholm, and he paid 
considerable attention to cases of lymphatism. We did not; the nature of our 
series prevented us from doing so. I cannot therefore say anything definite 
about it in our series, but I would not have thought it played a very important 
role. Even in the cases where shock and hemorrhage were listed, which theo- 
retically ought to reduce the weight of the spleen, we found in some groups that 
these spleens averaged more than those of the rest for the same age period. In 
general, however, they were lower, but as shock and hemorrhage were undoubt- 
edly mentioned much less often than they actually occurred, it was impossible 
to evaluate this feature with any accuracy. 

We did notice the alternating ups and downs in the 5 year periods, but can 
offer no explanation other than the chance variation to be found even in such a 
large series. 

In reply to Dr. Klemperer, it is true that the percentage of lymphoid tissue 
tended to be higher in the ages where the spleen was heaviest. To that extent it 
was a factor in the increased weight. In view of the relatively small differences 
that we get in the lymphoid percentages, however, I think it will probably 
prove to be a minor factor. 

In regard to Dr. von Haam’s remarks, we could make no attempt to control 
the difference between the contracted and the dilated spleens. Of course we are 
familiar with the work of Barcroft, who first demonstrated quantitatively the 
reservoir capacity of the spleen in several species of animals. He found that the 
cat, with the most muscular spleen, could squeeze out more blood than the other 
species he studied. As I recall, the cat could expel about 33 per cent of the total 
spleen volume, while figures for other species were as low as 20 per cent. Pos- 
sibly the average human spleen has the ability to squeeze out some 25 per cent. 
After maximum expulsion there is, of course, still a lot of blood left behind. If 
you remove a spleen at autopsy, even several hours after death, you know how 
much blood drips out, and if you perfuse it, a lot more is expelled, so that the 
amount of blood in the norma! human spleen during life is considerable. It has 
been estimated at about 50 to 60 cc., but the exact figure will be impossible to 
get for a long time, if ever, because normal human spleens are not removed from 
the body sufficiently frequently at operation for study. 


THE RESIDUAL INFECTIVITY OF THE PRIMARY COMPLEX OF TUBERCULOSIS. 
William H. Feldman and (by invitation) A. H. Baggenstoss, Rochester, 
Minn. 


Abstract. A study was made to determine the presence of viable virulent bacilli 
of tuberculosis in chronic tuberculous lesions of the lungs and contiguous lymph 
nodes of human beings dying of causes other than tuberculosis. The lesions 
were emulsified and material from the respective cases was used to inoculate 
culture mediums and to inject guinea pigs. Material from a total of 68 cases 
was utilized and negative results were obtained in all except 1 case. Tissues 
from the lesions of most of the cases were studied microscopically and evidence 
of activity was apparent in a considerable number. In lieu of demonstrable 
viable tubercle bacilli that could account for the persistence of the activity on 
the part of the morbid process, a possible explanation was found in the presence 
of silicon within most of the lesions. The age distribution of the individuals 
studied ranged from 7 to go years with approximately 70 per cent in the fourth, 
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fifth and sixth decades. The results indicate quite definitely that (1) the bacilli 
responsible for the lesions comprising the primary complex of pulmonary tuber- 
culosis eventually become non-viable and (2) that the lesions in most instances 
represent a process that has essentially healed. 


Discussion 


(Dr. Max Pinner, Ithaca.) I am much interested in this study. Anyone who 
has searched the literature for the bacteriological behavior of the primary com- 
plex knows that the available data are confusing because the differentiation 
between true primary complexes and other encapsulated or calcified lesions is 
rarely stressed. I should like to hear more from Dr. Feldman of how definitely 
the differential diagnostic criteria for true primary foci have been applied in his 
study. I believe that some of the slides shown are rather characteristic of 
reinfection foci. 

In regard to the final and important conclusion as to the possibility of en- 
dogenous reinfection, it is important to point out that it is not an infrequent 
finding to see definitely active tuberculous lesions in the lymph drainage be- 
tween hilum and venous angle in the presence of completely calcified or ossified 
primary complexes. In other words, lymphatic spread from the lymphoglandu- 
lar component of the primary complex may occur before anatomical and bac- 
teriological healing of the latter is complete. From such satellite foci of the 
primary complex endogenous reinfection may occur in the presence of com- 
pletely healed primary complexes. 

(Dr. Norbert Enzer, Milwaukee.) What method did you use for the demon- 
stration of silica in these preparations? From the lantern slides I would not 
have suspected these to be silicotic lesions. 

(Dr. David Perla, New York City.) I think this work is very important and 
it completely confirms the earlier work of Opie, who showed a number of years 
ago that when the primary complex was encapsulated with a fibrous capsule and 
was caseous, it rarely contained viable bacilli. I happened to be with him when 
he was doing this work and I was very much impressed with the uniformity of 
the negative results obtained by culture or guinea pig inoculation of such 
primary lesions. Not infrequently in normal lung tissue about these lesions 
could viable bacilli be obtained, and Dr. Opie made an effort to control the 
contamination of the foci with the normal lung tissue, as Dr. Feldman did. I 
think to some extent Dr. Feldman is justified in the conclusion that it is difficult 
to decide whether a secondary infection can arise from such a primary focus 
when no viable tubercle bacilli can be demonstrated in such primary complexes. 

(Dr. Esmond R. Long, Philadelphia.) This paper was interesting to me too in 
connection with an observation that is becoming increasingly common among 
epidemiologists engaged in the study of tuberculosis, e.g. a negative tuberculin 
reaction in the presence of obvious calcified foci of tuberculosis. It used to be 
thought that the tuberculin was not potent enough to detect the allergy left 
from these tubercles, but the probability is that these lesions are truly obsolete 
and that the tubercle bacilli once present are dead. Correspondingly when the 
tuberculin reaction is positive in the presence of old calcified foci, such as Dr. 
Feldman showed, it is not always positive because of the calcified foci. I have 
come to believe it is positive much more commonly because of some small sub- 
sequent reinfection. 

(Dr. Feldman.) Dr. Pinner’s remarks are pertinent, but he has set up a very 
difficult question for'me to answer. In this instance it was difficult because I 
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had to rely on others to do the autopsies, and we only received the material 
which was used for the subsequent studies. I emphasize again that only material 
in which tuberculosis was not a cause of death was used, and in the majority of 
cases we were dealing with what seemed to be old Ghon tubercles. I am sorry I 
cannot give you more specific information. We decided that since we could not 
demonstrate tubercle bacilli by what are considered to be rather sensitive tests, 
guinea pig inoculation or culture, these chronic, apparently healed lesions are 
not likely to be a factor in so far as endogenous infections are concerned, 

Dr. Enzer asked as to the method of detecting silica. We only assumed this 
was silica. We used the polarizing microscope. We realize the shortcomings of 
the method but the material looked like silica. 


THE EFFECT OF THE PRIMARY PULMONARY FOCUS UPON THE PROGRESS OF 
EXPERIMENTAL PULMONARY TUBERCULOsIS. B. J. Clawson, Minneapolis, 
Minn. 


Abstract. A primary focus of tuberculosis was produced in the left lungs of 
rabbits by injecting 2 mg. of BCG directly through the pleura into the lower 
lobe. These animals with a few exceptions became allergic (+ to +++) as 
shown by positive Mantoux tests 3 weeks after the BCG injection. A circum- 
scribed tubercle developed. 

The allergic animals and normal animals were then injected with o.o1 mg. 
of a virulent bovine strain into the right lung 4o days after the BCG injection 
into the left lung. There were 32 normal animals and 38 animals with the pri- 
mary focus. Both kinds were killed at intervals of from 1 to 110 days and the 
amount of tuberculosis in the right lungs compared in the two groups. 

For the first 7 days the rate of development was greater in the allergic ani- 
mals. Then the development was retarded or completely stopped. From the 
7th day the rate increased in the normal animals up to 28 days and beyond, 
when all normal animals had extensive tuberculosis. In all but 1 of the animals 
with the primary focus there was no tuberculosis or a marked retardation up 
to 110 days. 

A primary pulmonary focus increases the rate of development of a secondary 
virulent infection for a few days, and then retards or completely prevents the 
development of tuberculosis. 

Discussion 


(Dr. Esmond R. Long, Philadelphia.) It is interesting to note that in spite of 
the good protection ordinarily afforded by the immunization, there are always 
I or 2 animals that do not seem favorably affected. Dr. Clawson has 1 vac- 
cinated animal with very extensive tuberculosis which seemed to differ from the 
15 to 20 that had been well protected. This seems to conform with certain of 
Dr. Lurie’s observations on native resistance. 

(Dr. Norbert Enzer, Milwaukee.) I should like to ask whether in the primary 
focus of the left lung there were any satellite foci or secondary spread in that 
lung during the presence of the spread of tuberculosis in the opposite lung. 

(Dr. Clawson.) In regard to Dr. Long’s question of just why this animal 
developed a four plus reaction, I do not know. It always happens. I can never 
get 100 per cent protection. 

In regard to the spread of the primary infection in the left lung, if there is a 
flare-up of the infection of the right lung — no, there is none. In some of the 
cases it became small, and in a few cases it disappeared, and in others where I 
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was not able to observe it by gross examination, when I examined it micro- 
scopically I could see the lesions had been there, so that the tendency, even with 
the clearing up of the tuberculosis in the right lung, was toward the healing of 
the lesion in the left lung. 


VARIATIONS OF PULMONARY LESIONS IN PRIMARY AND POsSTPRIMARY HUMAN 
TUBERCULOSIS. Kornel L. Terplan, Buffalo, N. Y. 


Abstract. The anatomical lesions in cases of progressive tuberculosis in children 
include many variations. A combination of marked bronchogenic spread from 
an unusually large caseated Ghon focus, with extensive lymph node changes 
and hematogenous miliary tuberculosis, is one example. Another variation 
showed only extensive bronchogenic spread from a huge primary pneumonic 
focus, with considerable cavitation, minimal hematogenous spread and minute 
lesions in the lymph nodes draining the primary cavity. 

About 45 per cent of the cases examined may be considered as examples of the 
classical picture of primary tuberculosis in children, where there is a cheesy 
complex, with lymph node changes extending into one or both venous angles 
and overwhelming miliary tuberculosis. 

Some instances point to exogenous reinfection — the presence of a calcified 
complex in one lung, and in the other lung a second and more recent complex. 
This was especially impressive in a child 5 years of age, where the second infec- 
tion had led to fatal hematogenous dissemination. 

Among these cases in which the finding of tuberculosis was incidental, there 
are some foci in healing or healed stages entirely without lymph node changes. 
Complete serial sections of the lymph nodes draining the foci were carefully 
studied and no spread to these structures could be demonstrated. Similarly, a 
completely ossified focus in the process of resorption, surrounded by a few bony 
fragments, with completely negative lymph nodes, both subpleural and those of 
the tracheobronchial tree, points to the possibility that the first tuberculous 
infection may be restricted to the lung tissue. 

In 1 case of a child, 10 years of age, cheesy fibrous foci (about 9) were found 
in different lobes with no lymph node changes whatsoever and no evidences of 
hematogenous spread. 

Complete lobar collapse from a stony focus occluding the main bronchus, and 
recent tuberculous meningitis originating from endogenous lymphoglandular 
reinfection within the almost completely calcified regional lymph node in the 
venous angle, are rare variations. Endogenous lymphoglandular exacerbation 
within a calcified complex, with activation of tuberculosis in the lymph nodes 
regional to the focus, leading to tuberculous meningitis but without miliary 
dissemination, was seen in 3 cases. Finally, 1 or more stony foci may be found 
obstructing bronchi of second or third order with collapse induration of the lung 
tissue tributary to these bronchi, thus presenting the end stage of the so-called 
epituberculosis. 

Variations in adults are also encountered rather frequently: in several cases 
Ghon foci, still active or healed, either single or multiple, in different lobes but 
having the same histological structure, were found to be completely without 
lymph node changes. In other cases single foci in different lobes were found, 
again the nodes showing no changes, but the foci of different structural age. In 
several instances there were findings pointing to bronchogenic extension, with 
formation of isolated foci, both single and multiple infections, in different lobes, 
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sometimes in subapical position. In later stages such foci may show the same 
histological structure as the primary focus, including complete ossification. 

In addition to the group of cases already reported at the Boston meeting 
(1936), several more cases of complexes of different ages have been studied, 
especially in young individuals between the ages of 20 and 30 years. In one of 
these a recent hematogenous dissemination had occurred in connection with the 
cheesy complex of the postprimary infection, while the primary complex was 
completely calcified. That apical and subapical focal lesions occur by direct 
bronchogenic spread from the primary focus was seen in several instances, in 
many of which the histological structure was similar to that in the primary 
focus. The complex changes in the lymph nodes regional to the focus were not 
entirely healed. However, no hematogenous spread was seen in any organ. 

We feel that those incidental findings in postmortem examination of such 
individuals as do not die from tuberculosis present a most useful material for 
pathogenetic studies of this disease, in that they may prevent us from being too 
dogmatic in the teaching of the types and development of primary and post- 
primary tuberculosis. Indeed the anatomical course of primary or postprimary 
silent tuberculosis in the average healthy individual, where there appear to 
be no clinical symptoms, is unknown. It seems, however, from our postmortem 
material, that the anatomical lesions show many individual variations, and 
this applies as well to the lesions of cases recognizable clinically. For scien- 
tific purposes, then, deductions from tuberculin tests, which were strikingly in- 
correct in 2 cases in our own experience, and from X-ray interpretations, the 
difficulties of which are well known, are not sufficiently adequate. Asin the days 
of Parrot and Kuss, only the most thorough anatomical examination of the 
human cadaver, as so classically practiced in the service of Dr. Ghon, linked 
with systematic X-ray photographs of the lungs and tracheobronchial tree, 
together with the most detailed histological investigation of all the lesions en- 
countered, may still lead to a more exact and complete knowledge of the problem 
of tuberculosis. 


THE ACTION OF COLCHICINE AND OF ETHYLCARBYLAMINE UPON A MOUSE 
Breast CARCINOMA IN Vitro. Averill A. Liebow (by invitation) and 
Robert Tennant, New Haven, Conn. 


Abstract. In a study of substances influencing the growth and morphology of 
cells in tissue culture the action of colchicine and of ethylcarbylamine were 
found of particular interest. The effects of these substances on a transplantable 
mouse breast carcinoma and also on normal embryonic tissues of the mouse, 
rat and humans were essentially similar. The tissues were grown in Carrel 
flasks in a medium of washed chicken plasma clot with a supernatant of rat 
serum diluted with two parts of Tyrode’s solution, except in the case of the 
human tissue where human placental serum was substituted for rat serum. 
Within 30 minutes after the introduction of colchicine in a concentration of 
1 to 8 million all of the mitotic figures were comprised of shortened thick chro- 
mosomes arranged in a roughly spherical mass near the center of the cell. Within 
an hour the chromosomes in some cells had become much shorter and had be- 
come widely dispersed throughout the cytoplasm as described by Ludford. By 
the end of 2 hours all of the mitoses showed these changes and no anaphases or 
telophases were seen. There was a large increase in the number of mitoses 
which was maximal at about 9 hours. Despite such dispersion of chromosomes 
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the cells were viable as demonstrated when growth occurred after subculturing 
a colony. The chromosomes in many cells were increased in numbers much 
above the diploid, a change produced perhaps by dispersion of longitudinally 
split chromosomes, such as might form during the normal prophase or meta- 
phase. Clumping of chromosomes into dense groups was observed soon after 
the dispersion. As early as 9 hours after the introduction of the colchicine some 
of the cells were seen to contain many small nuclei (“micronuclei” of Brues), 
probably derived from swelling of the clumped masses of chromatin, but many 
of the cells underwent necrosis with extrusion of pyknotic débris. Concentra- 
tions as low as 1:128,000,000 produced minimal effects, but only after a longer 
interval of time. Studies of the growth rates showed inhibition of growth of the 
cultures even with such concentrations of colchicine as produced a minimal 
morphological effect. 

Ethylcarbylamine, whose capacity for inhibiting the Pasteur effect was 
demonstrated by Warburg, was found to produce changes in mitosis identical 
in character and sequence with those effected by colchicine. The range of con- 
centrations was smaller, 1/2500 to about 1/15,000. The rapidity of transforma- 
tions was greater and the accumulation of arrested mitoses was less. By 9} 
hours at 1/6250 very few cells with dispersed chromosomes were seen. Most of 
them showed pyknotic masses of chromatin, micronuclei or resting nuclei. At 
24 to 30 hours extremely few cells were found in mitosis, although such mitoses 
as were present were typical or contracted. Some colonies showed no mitosis. 
Despite this the cells were proved to be viable by subculture. Subcultures were 
successful also at earlier stages of action of a concentration of 1/6250. The 
growth rate was diminished at this concentration from about the 1st to the 
oth hour, but approached that of the control cultures again during a subsequent 
interval of time. 


Direct PATHOLOGICAL EVIDENCE OF CIRCULATORY DISTURBANCE IN THE 
BRAIN. STUDIES WITH THE BENZIDINE STAIN. Leo Alexander and (by 
invitation) Tracy J. Putnam, Boston, Mass. 


Abstract. The benzidine stain is the best available method for the study of 
pathological alterations of the vascular pattern of the human central nervous 
system. It is also valuable for the study of normal vascularity, especially in 
regard to the size of normal vessels. 

The benzidine stain (Lepehne-Pickworth) demonstrates the vascular pattern 
by selective staining of the red blood cells contained in the vessels. The method 
consists essentially of applying the benzidine test for hemoglobin (peroxydase 
reaction) to thick frozen sections of 200 to 300 w thickness. In addition to the 
red blood cells, the polymorphonuclear leukocytes are stained also, but no 
other tissue elements. 

This study is based on 62 pathological cases and a number of normal controls. 

The pathological alterations of the cerebral vascular pattern that are de- 
monstrable with the benzidine stain are mainly the following, which may 
occur either independently or together in the group of pathological conditions 
we had the opportunity of studying. These main types of alterations are: 
(A) Simple vascular dilatation, generalized or local. (B) Vascular dilatation with 
bead-like deformity of contour (‘‘beading”) of the vessel or vessels involved. 
(C) Hemorrhage. The finding of changes of the above 3 types (A, B, C) can be 
accepted as representing the true condition at the time of death. These changes 
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cannot be imitated by postmortem changes. In the vast majority of cases they 
are a valid part of the ante mortem changes, being surprisingly slightly, if at 
all, modified by agonal phenomena. The distinction between true bead-like 
dilatations of vessels and small sheath hemorrhages or dissecting aneurysms is 
not always easily defined in benzidine stained preparations. Neighboring sec- 
tions stained with hematoxylin-eosin or Masson’s trichrome stain should always 
be examined. (D) Capillary anemia, with or without hyperemia of larger vessels, 
sometimes mixed with hyperemic zones either in the center or at the periphery of the 
lesions. Care should be taken in interpreting the changes of this type not to 
confuse them with the artificial appearance of anemia that may be produced in 
regions of the brain that may have been compressed by handling at autopsy, by 
postmortem alterations of distribution of blood, or in regions that may have 
undergone shrinkage when first exposed to the fixative. The changes of this 
type may be accepted as valid only if encountered in the lesions of brains that 
show a uniformly normal blood supply throughout the neighboring normal areas. 
(E) Destruction of vessels of a certain category, notably involving those of first and 
second order. (F) Diminution of vascular caliber. Neighboring sections stained 
according to the usual methods (hematoxylin-eosin, Masson’s trichrome stain, 
and so on), which should always be examined in conjunction with any benzidine 
stained preparations, will have to be confirmatory in order to establish the 
validity of any observation of a change in these types (EZ and F). 

These pathological changes of the cerebral vascular pattern are found in the 
following conditions: (A) Generalized simple vascular dilatation occurs in gen- 
eralized anoxemia or hypoxemia, e.g. with respiratory embarrassment. Local 
ized simple vascular dilatation occurs: (1) in acute local anoxia, e.g. with arterial 
occlusion; (2) in compression of meningeal veins, e.g. from non-specific meningo- 
fibrosis in tuberculosis; (3) in the diseased posterolateral areas of the spinal cord 
in combined system disease in pernicious anemia; (4) in extensive thrombosis of 
intracerebral vessels, notably in the white matter, e.g. in arsphenamine poison- 
ing; and (5) in poliomyelitis acuta anterior. (B) Vascular dilatation with beading 
occurs: (1) at the site of thrombi in arteries and veins and in areas of local im- 
mobilization of blood; (a) in primary arterial, arteriolar and venous occlusion; 
(5) in brain abscesses; (c) in carbon monoxide poisoning (acute stage); (d) in 
kerosene poisoning; (e) in ‘‘rat paste” (phosphorus and sodium fluoride) poison- 
ing; and (f) in electrical trauma: (2) in the localized varicose deformities of the 
vascular bed typical of Wernicke’s superior hemorrhagic polioencephalitis in 
chronic alcoholism: (3) in the sinusoids of brain tumors. (C) Hemorrhages 
are found: (1) in arterial and arteriolar disease; (2) following venous occlusion; 
(3) following mechanical trauma; (4) in poisoning (arsphenamine, carbon 
monoxide, nitrous oxide, kerosene, rat paste, alcoholism; (5) in acute hemor- 
rhagic necrotizing leukoencephalitis and other postinfectious encephalitides; 
(6) in syphilitic gummatous meningoencephalitis. (D) Capillary anemia, with 
or without hyperemia of larger vessels, sometimes mixed with hyperemic zones 
either in the center or at the periphery of the lesions, to be found: (1) in softening 
and demyelination from arterial and arteriolar occlusion; (2) in areas of early 
demyelination from venous occlusion, e.g. in thrombosis of meningeal veins in 
purulent meningitis; (3) in multiple sclerosis; and (4) in experimental local 
anaphylaxis. (EZ) Destruction of vessels of first and second order (capillaries and 
immediate precapillaries) namely partial capillary and precapillary avascularity, 
is found: (1) in cerebral scars (a) following arterial and arteriolar occlusion, 


* (6) following traumatic laceration, and (c) following carbon monoxide poison- 


— 
‘4 
q 
| 


SCIENTIFIC PROCEEDINGS 679 


ing; and (2) in dementia paralytica. (F) Diminution of vascular caliber is 
found in simple atrophy (“abiotrophy’’) of nervous structures. 


Discussion 


(Dr. Joseph Tannenberg, Albany.) During the last year I made direct obser- 
vations on the brain during anoxic shock when the surface of the brain was ex- 
posed by trepanation. The wound in the skull was covered by a celluloid plate. 
The gas mixture containing a decreasing percentage of oxygen was administered 
by means of a gas mask. When the anoxemia was extended so far that the 
respiration became gasping, a relatively sudden swelling of the brain occurred 
so that the brain was pushed into the wound of the skull tightly against the 
celluloid plate. I had the impression that this was due to a definite edema of 
the brain, but was greatly surprised that the brain shrank again to its former 
volume within about a half minute when the anoxemia was interrupted. This 
was also noted when the same experiment was repeated five times, one after 
another, and even when the rabbits were finally killed by pure nitrogen. The 
extreme swelling continued only until death. Then simultaneously with the last 
constriction of the arteries the brain shrank again so much that its volume 
seemed to be smaller than at the beginning of the experiment. From these ob- 
servations I drew the conclusion that it is almost impossible to gain a real 
opinion of the reactions of the brain arteries during life from a study of a fixed 
brain, even when the best histological methods are employed. 

(Dr. N. Chandler Foot, New York City.) I think it might be well if Dr. 
Alexander would give us a few pointers on the technic of this method. We would 
like to know about it. 

(Dr. Alexander.) In reply to Dr. Tannenberg, I wish to state that we were 
familiar with his excellent work on vital observations. It is a splendid piece of 
work on the subject. Vital observations are superior in many respects to what 
we can see postmortem, but there are distinct limitations to it also. A direct 
observation of these phenomena in the living human brain is only possible for 
the neurosurgeons, but they, like the experimental physiologists, are limited to 
observations of vascular phenomena at the surface of the brain, because the 
intracerebral vessels cannot be visualized satisfactorily in the living except with 
the Knisely technic, which is not applicable to larger mammalia or to man. In 
our own animal experiments we ourselves and Dr. A. C. P. Campbell have found 
the circulatory disturbances caused by local anaphylaxis, electric shock, as- 
phyxia, and various anesthetics faithfully preserved in our benzidine stained 
preparations. The more material we examined, the more we became convinced 
that agonal and postmortem phenomena do not significantly alter the picture. 
It may be that there is some loss of blood from the arteries due to terminal con- 
striction, but this constriction is usually not forceful enough to move the blood 
column in the precapillary arterioles and in the capillaries, or in the veins of the 
brain. The state of filling of the smaller vessels, however, is the most important 
in the interpretation of a benzidine picture. We have convinced ourselves that 
the benzidine stain, if performed and interpreted with the necessary precau- 
tions, reveals true ante mortem pathological phenomena. The beaded vascular 
channels of a brain abscess or of a focus of softening, the varicose deformities in 
alcoholic polioencephalitis, or the sinusoids of brain tumors are of course not 
significantly modified by agonal or postmortem phenomena. 

As to Dr. Foot’s question, the stain is essentially the benzidine reaction, such 
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as is used for demonstrating blood in the stool. There are a few additional 
steps necessary for its application to tissue sections. I shall be glad to send an 
outline of our modification of the stain to anyone interested. 


INFLAMMATION OF THE PETROUS PYRAMID OF THE TEMPORAL Bone. Andrew A. 
Eggston, New York City. 

Abstract. The paper will consider the technical preparation of serial sections of 

the labyrinth and petrous bone. There will be a review of the pathways of in- 

fection to the petrous pyramid through the regional venous circulation and 

through the chain of pneumatic cells connecting with the mastoid and tympanic 

cavity. 

A discussion of the types of inflammation usually found, namely an osteo- 
myelitis or osteitis, depending on which structures are chiefly involved, is 
presented. 

Abscess formation in this region with subsequent rupture or invasion of the 
dura and other intracranial structures, resulting in meningitis or brain abscess, 
is demonstrated. Several cases with lantern slides illustrating various types of 
pathological conditions in the labyrinth or petrous bone are presented. 


Discussion 


(Dr. Howard T. Karsner, Cleveland.) Will Dr. Eggston explain the relation, 
if any, between pneumatization of the petrous portion of the temporal bone and 
extension of suppuration from the mastoid cells to the pyramid and its apex? 

(Dr. Eggston.) About 33 per cent of mastoids are pneumatized, but pneu- 
matization is not necessary for the infection to spread to the petrous pyramid. 
As I tried to show in the slides, the infection can spread by means of the veins 
or lymphatics, or even by contiguity of tissues from the tympanic cleft into 
diploic bone and result in an abscess. Therefore it is not absolutely necessary 
for the petrous pyramid to be pneumatized in order to become involved in an 
inflammatory process. 


DEGENERATIVE ARTHRITIS. A COMPARISON OF THE PATHOLOGICAL CHANGES 
IN MAN AND Eguines. George R. Callender and R. A. Kelser, Ancon, 
Canal Zone. 


Abstract. The changes of degenerative arthritis found in 60 knee joints from 
man and in various joints from 54 horses and mules are presented. 

The lesions were of practically identical types in man and equines though 
advanced degeneration was seen only in man, as the equines develop such disa- 
bility that they are destroyed before such advanced changes occur. 

The primary change was found to be in the peripheral portion of the cartilage 
and consisted of swellings, grooves, blisters and fibrillation of the matrix. These 
were followed by necrosis, loss of substance and ulcer formation. 

Hypertrophic changes were considered to be secondary to loss of substance 
and consequent malocclusion of the joint and are believed to be of a compensa- 
tory effort to maintain the proper distribution of the joint stress. This hyper- 
trophy consisted of bone growth replacing destroyed cartilage and extending 
joint surfaces. It appeared to start in the calcified matrix and to extend into 
overlying degenerated cartilage. 
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Considerable joint change was often found in both man and animals without 
there being any history of symptoms. 

The incidence of degenerative arthritis in this small series in man agreed with 
that of Keefer and Parker. None was found in persons below 20 years of age; 
there was rapid increase up to the age of 40, and thereafter some change was 
found in practically every knee joint examined. 

Only 1 horse below the age of 10 years was examined and that one was the 
only one without joint lesions. 


Discussion 


(Dr. Herbert Fox, Philadelphia.) This splendid paper by Dr. Callender and 
Dr. Kelser is another example of the use of comparative pathology. It happens 
to hinge with a subject that I have been studying, the first part of which is just 
completed. Having looked over some 1400 skeletons and 250 autopsies on the 
lower mammals for evidences of organic and systemic arthritis, it was discovered 
that the variety to which the horse belongs has the least arthritis. The split- 
toed ungulates have distinctly more arthritis than the solid-toe ungulates. The 
large animals on stilt-like legs have more arthritis in the posterior extremities. 
In other quadrupeds and those that stand up sometimes, like the monkeys and 
the apes, there is arthritis in the front legs. The jolt-shock reaction appears to 
have something to do with the localization of arthritis. This disease appears 
more after maturity, which is when reversibility of tissue reaction disappears 
and irreversibility becomes prominent. Both osteoarthritis and rheumatoid 
arthritis were found. 

The lesions in the ungulate group were comparable to those described by 
Dr. Kelser. Carnivorous animals show the greater destruction of the articular 
surfaces. In the ungulate group the periarticular tissues are more involved than 
the true articular tissues, and from a smal] number of histological sections 
would seem to agree with the work reported by Dr. Kelser, especially in that 
the process seems to be inflammatory from within the bone toward the direc- 
tion of the articular cortex. 

The terminology ‘degenerative arthritis” begins with Richardson et al. in 
1912, and the term “atrophic arthritis” was adopted shortly later. The English 
use “osteoarthritis” and ‘‘rheumatoid arthritis”; I believe this is better. The 
group of students represented by Hench and Bauer adhere to the American 
usage of ‘‘atrophic” and “‘degenerative.” 

Dr. Kelser’s slides seem to show that the lesions depend on inflammation 
coming from within the bone ends and proceeding toward the joint space. This 
helps to support the thought that what Dr. Kelser terms degenerative is end- 
osteal in origin. I happen to belong to the group that considers the two forms 
as differing expressions of rate and intensity rather than of specificity. Certainly 
the lesions from the carnivorous animals, particularly the felines, show very 
early changes below the articular surface as distinct as those in the periarticular 
tissue. 

This is a very important paper and such comparative studies will give con- 
siderable help in explaining why we have arthritis and why it is localized. 

(Dr. D. Murray Angevine, New York City.) Has Dr. Kelser any figures on 
the incidence of osteoarthritis or degenerative arthritis in the Negro, as com- 
pared to whites? Probably a good many of the autopsies were done on negro 
patients. 

I should also like to know the findings in the synovia in this group of cases, 
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and finally, I should like to know what the incidence of infectious or rheumatoid 
arthritis in Panama might be. 

(Dr. Kelser.) A number of our cases in these 60 men were whites. Clark did 
a preliminary survey on a large number of blacks some years ago. He believes 
that the high incidence of degenerative arthritis in negroes is due to weight- 
carrying, as has already been indicated. Our study included a number of white 
soldiers who came to autopsy. 

We made cultures from all the equine cases. There was no evidence of any 
bacteria. The synovial fluid and scrapings were cultured aerobically and anaero- 
bically. The fluid was clear and we had no evidence to indicate that there was 
any infection. 

The incidence in Panama, as compared to that in other places, I believe is 
probably no higher. The point is, in Panama the pathologist at the Gorgas 
Hospital had not routinely opened joints, and just 5 months before he left we 
got him to open joints when it was feasible, and found this high rate, but I be- 
lieve if joints were opened routinely in a large number of hospitals in connection 
with autopsies that we would find a much higher rate than is suspected. We 
hope to be able to continue this study from the comparative standpoint in 
Panama and some of the other Army hospitals in the States to see if we can 
get a line on the rate. 


OssEous CHANGES IN MAN FOLLOWING THE PROLONGED INGESTION OF FLU- 
ORIDES. John T. Bauer, Philadelphia, Pa. 


Abstract. The apparent increase in the density of the bones of cryolite workers 
was noted by roentgen-ray in 1932 by Mgller and Gudjonsson (Acta radiol., 
1932, 13, 269) who ascribed this change to the prolonged ingestion of fluorine, a 
constituent of the mineral. Similar changes were noted and reported by Bishop 
(Am. J. Roentgenol., 1936, 35, 577) in a negro 48 years old who had worked for 
18 years in a fertilizer factory handling finely ground rock phosphate, a sample 
of which contained 3.88 per cent fluorine. These changes radiographically were 
as follows: (a) increase in opacity of the bones without alteration of the normal 
bone structure; (6) lack of normal sharpness of the bone outlines; and (c) exten- 
sion of the calcification into the ligamentous attachments. The changes were 
greatest in the bodies of the vertebrae and least in the long bones. The patient’s 
death from syphilitic aortitis permitted a pathological and chemical examination 
of the bones. Pathologically the cortical portions of the bones were thicker than 
usual and encroached on the spongy marrow spaces. Osteophytes, some of 
which bridged the cartilaginous discs of the bodies of the vertebrae and became 
fused, were present in many bones, especially along the tendinous insertions of 
the muscle. The interosseous ridges were thickened and roughened. Chalky 
white patches of bone were seen over the sternum and elsewhere. Microscopi- 
cally, there was an increase in the amount of bone that compressed the haver- 
sian canals. No granular deposits were seen (Bauer, Bishop and Wolff: Bull. 
Ayer Clin. Lab., Pennsylvania Hospital, 1937, 3, 67). Chemical studies of the 
bones by Wolff and Kerr (Am. J. M. Sc., in press) revealed normal values for 
ash, calcium, phosphorus and carbon dioxide. That of fluorine was from 10 to 
20 times normal. Despite the increased radio-opacity, the specific gravity of 
some of the fluoride bones was less than that of normal bones, hence the former 
was probably due to an increase in the amount of bone present. 

From the recent review of Roholm (Fluorine Intoxication, 1937, H. K. Lewis 
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& Co., Ltd., London) it is evident that pathological studies of chronic fluorine 
poisoning other than dental fluorosis in man have been few, and the present one 
is the first to be reported from this continent. 

Discussion 

(Dr. John W. Williams, Cambridge, Mass.) I should like to ask what the 
blood findings were. 

(Dr. Bauer.) The blood findings in this patient were normal, and that has 
been true of practically every one of the patients observed. The greatest amount 
of work has been done by the Danish workers, and Roholm’s review which has 
recently appeared refers to practically all of the studies. Anemia was not 
common in these studies. 


THE CARDIORENAL Toxic PROPERTIES OF THE TOXIN OF VIBRION SEPTIQUE 
IN ANIMALS. J. G. Pasternack, New Orleans, La. 


Abstract. The anaerobe vibrion septique produces a specific toxin which is un- 
usually rapid and dramatic in its action when injected intravenously into lab- 
oratory animals. The quick injection of 0.03 cc. of potent toxin may be fatal 
to a rabbit in 30 seconds. A period of incubation is almost non-existent, or so 
short that the question has been raised whether the action is that of a true toxin. 
Its mode of action has also caused some speculation. 

In this report results are presented of investigations of the pathological physi- 
ology and pathology produced by the toxin of vibrion septique in rabbits, 
guinea pigs, pigeons and mice injected subcutaneously, intramuscularly and 
intravenously with various doses of toxin. 

Of interest was the determination of the relation of the effects produced to 
the survival time and to the size of the dose of toxin used. Symptoms may de- 
velop in 1 to 3 minutes and death may occur in 4 to 6, depending on the potency 
of the toxin used. It has been stated that the toxic dose for rabbits followed the 
“all” or “none” law, i.e. the smallest amount of toxin which was fatal reacted 
as quickly and potently as a considerably larger fatal dose. In the present study 
the survival time was found to be roughly inversely proportional to the dose of 
toxin. There were exceptions, and often variations occurred with the same 
quantity of toxin in animals of the same species. It was found that the incuba- 
tion period could be considerably increased by closely approaching the M.L.D. 
for the toxin used. If the toxin is a potent one and the doses are far apart, the 
M.L.D. may be missed and the result is either prompt death of the anima or 
survival without symptoms. 

The peculiarity of variation in the length of survival of animals that received 
the same quantity of toxin is difficult to explain. The possibility was considered 
that the rapidity with which the toxin was injected might be a factor. Within 
the limits of the experiments the survival time had no relation to the rapidity 
with which the injection was made. 

Carotid blood pressure readings, kymographic studies and perfusion experi- 
ments indicated that the death of the animal was caused by the action of the 
toxin on the heart, and that respiratory symptoms were of secondary nature. 
Detailed gross and microscopic studies of the pathological anatomy produced in 
animals dying at various intervals after various doses of toxin verified the cardio- 
toxic properties of the toxin of vibrion septique. 

Most of the animals that survived as long as 6 minutes showed some type of 
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degenerative lesion in the heart. In intoxications of short duration only small, 
scattered degenerative changes were demonstrable. In animals surviving a 
number of hours or several days, extensive areas of the myocardium, or rarely 
the whole heart, showed advanced Zenker’s ‘“‘waxy degeneration.” Conduction 
tissue was demonstrated in 3 animals, but only 1 showed degenerative lesions. 

The toxin of vibrion septique also has severe nephrotoxic properties. The 
severity of the lesions produced varies more or less with the duration of the 
intoxication; the longer the animals survived, the more marked were the lesions. 
The lesions were degenerative, thrombonecrotic and hemorrhagic in character. 

Severe acute lesions occurred also in other organs, but less regularly than in 
the heart and kidneys. 

Since all studies indicated that the principal action of the toxin of vibrion 
septique was on the heart, an experiment was designed to determine whether 
the toxin has a special affinity for cardiac muscle. The results showed that 
in vitro very little toxin actually combined with the muscle tissue. 

Subcutaneous and intramuscular injections of the toxin, in doses many times 
greater than the M.L.D., by the intravenous route, usually resulted only in 
local necrosis, repair and scar formation, and but rarely in death. 


Discussion 


(Dr. Norbert Enzer, Milwaukee.) Has Dr. Pasternack any explanation for 
the staining of the blood vessels by hemolyzed blood which is such a common 
finding in these autopsies? 

(Dr. Theodore J. Curphey, New York City.) Have similar studies been made 
with diphtheria toxin? 

(Dr. Wiley Davis Forbus, Durham.) I should like to know if this is not a 
lesion comparable to that produced by the hemolytic staphylococcus toxin so 
much talked about of late, and described rather carefully by Rigdon and Joyner. 

(Dr. Pasternack.) In answer to Dr. Forbus the kidney lesion is closely com- 
parable with that of the hemolytic staphylococcus toxin. 

With diphtheria toxin similar lesions in the heart may occur, but not so 
quickly or so extensively. 

The toxin of vibrion septique has marked hemotoxic properties and consider- 
able free blood pigment is liberated. 


Tue RENAL LEsION IN CyToTOxIC GLOMERULAR NEPHRITIS (IN RABBITS). 
William E. Ehrich, Philadelphia, Pa. 


Abstract. The nephritis was produced by the method of Masugi. Ducks were 
immunized with an emulsion of the kidneys of rabbits, and the antikidney serum 
thus obtained was injected intravenously into rabbits. The essential lesion was 
a diffuse cellular proliferation within all the glomeruli in all animals studied. In 
some animals this lesion was complicated by the deposition of fibrin in the 
glomerular spaces and later, as a result thereof, by adhesion or crescents. Since 
the deposition of fibrin and the formation of crescents were found as early as the 
proliferation, they can no longer be looked upon as an essential characteristic of 
a certain phase of glomerular nephritis. Other changes were erythrocytes in 
capsular spaces and tubules, hyaline casts, hyaline droplets in convoluted 
tubules, and, in a few cases, fatty degeneration. Clinical changes were edema, 
albuminuria, oliguria, diminished filtration, rise in blood urea nitrogen, and so 
on. Since the author is unaware of any discrepancies between the experimental 
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disease and human nephritis, it is believed that the two are identical. During 
the first week of the experiment there was an excellent diuresis and an increase 
in filtration, while the glomeruli were rather hyperemic. Oliguria, decrease in 
filtration and ischemia of the glomeruli became manifest only after 8 days, when 
the anatomical changes were fully developed. It is believed, therefore, that 
glomerular nephritis starts with a latency period, and that it does not start with 
a spastic condition in the kidneys, as maintained by Volhard. 


Discussion 


(Dr. J. E. Smadel, New York City.) Acute nephrotoxic nephritis in the rat 
presents a picture somewhat different from that shown by this experimental 
disease in the rabbit. The occurrence of fibrin thrombi in the glomeruli and 
erythrocytes in the urine do not depend, in the rat, upon the effect of nephro- 
toxin (the organ-specific antibody); instead these findings result from non- 
organ-specific factors. Another difference to be noted between the response of 
these two species to this type of renal injury lies in the amount of endothelial 
proliferation present in glomerular tufts. Such proliferation occurs rarely, if at 
all, in rats that have a true nephrotoxic nephritis; on the contrary, the typical 
glomerular lesion in this case is swelling of the glomerular capillary basement 
membranes. Still another point of difference has to do with the time of onset of 
nephritis after injection of antikidney serum. Manifestations of the experi- 
mental disease are evident in rats within a few hours while a latent period of a 
week intervenes in rabbits. 

Dr. Ehrich has not emphasized the progressive nature of this nephritis in 
rabbits. Rats of a certain strain almost invariably pass over from the acute 
experimental disease into a chronic nephritis. The majority of these animals 
show clinical, functional and histological evidence of progressive renal involve- 
ment. Dr. W. M. Arnott, when he was in this country recently, said that he 
did not believe that rabbits develop a truly progressive kidney lesion following 
the injection of antikidney serum. I should like to ask Dr. Ehrich’s opinion on 
this point. 

(Dr. E. T. Bell, Minneapolis.) I am interested in work of this type. It was 
not clear to me from the presentation whether this was a diffuse or focal glom- 
erulonephritis. Apparently in the slides shown there was a good deal of ditfer- 
ence in the intensity in different parts of the field. It is clear you can produce 
glomerular lesions in a variety of ways. I do not think we should conclude from 
this that allergy is the mechanism of human glomerulonephritis. Inasmuch as 
we see acute glomerulonephritis developing so frequently within 2 or 3 days 
after an initial infection, it is hard to believe that sensitization is necessary for 
the development of the disease. We must be careful to distinguish focal lesions 
with uneven distribution from a true diffuse nephritis. 

(Dr. Ehrich.) As to the first question, rats and rabbits are different in many 
respects. As to the outcome of the disease in our milder cases, we had complete 
recovery. We have not studied the chronic ones to the stage of death. We have 
animals on the way, and I believe that at least those cases that had a great deal 
of fibrosis — 80 to go per cent of the glomeruli were completely fibrosed — may 
eventually die from uremia. 

As to Dr. Bell’s question, we are dealing with a diffuse proliferation where all 
the glomeruli are affected. There is no discrepancy between the disease experi- 
mentally produced in rabbits and human glomerulonephritis. 

As to the etiology of the disease, we have drawn no conclusions. 
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AcuTE HEMATOGENOUS INTERSTITIAL NEPHRITIS. Paul Kimmelstiel, Rich- 
mond, Va. 


Abstract. Six cases of acute hematogenous interstitial nephritis are presented, 
all of which show more or less marked isosthenuric oliguria or anuria and rise 
of the non-protein nitrogen in the blood. Twelve other cases of interstitial 
nephritis which were found incidentally at autopsy are included. 

The morphological characteristics of this lesion are described. It is empha- 
sized that even in the early stage the interstitial exudate contains plasma cells, 
lymphocytes, eosinophils and monocytes, in addition to polymorphonuclear 
cells. A distinction between focal and diffuse interstitial nephritis cannot be 
made. 

The conditions causing interstitial nephritis are listed. In addition to the in- 
fectious diseases and septicemia, it is found to follow conditions associated with 
hemolysis, in particular blood transfusion with incompatible blood. It is also 
found in cases of hepatorenal syndrome with infectious and non-infected liver 
injuries. 

The correlation of functional disturbances with interstitial nephritis is dis- 
cussed. It is concluded that the anuria does not result from renal edema by 
pressure on the tubular apparatus, nor is it caused by blockage of tubules if 
associated with hemoglobinuria. General or local renal circulatory disturbances 
are held the most likely cause of both oliguria and lack of concentration power. 

Hematogenous interstitial nephritis is regarded as an allergic hyperergic re- 
action to foreign proteins or protein split products coordinated rather than 
causatively connected with hyposthenuric oliguria and anuric uremia. 


Discussion 

(Dr. E. T. Bell, Minneapolis.) I think we can explain the low specific gravity 
of the urine in this type of renal disease on the decrease in the number of func- 
tioning units left in the kidney. That is the explanation of low specific gravity in 
chronic glomerulonephritis. In this disease a large proportion of the glomeruli 
and tubules are blocked off by the infiltration. We get exactly the same inabil- 
ity to concentrate experimentally if we take out one kidney and about one-third 
of the other. The remaining kidney is perfectly normal, still the animal is un- 
able to form a concentrated urine, and I think that is the basis here. If the 
anuria were due to heart failure, the urine would be of normal concentration. 

(Dr. Howard T. Karsner, Cleveland.) It is of interest that there is little ap- 
parent tubular disease in association with the hyposthenuria in these patients 
and I think the explanation offered by Dr. Bell is probably sound. Dr. W. T. 
Councilman, who described the disease many years ago, attributed causative 
significance to alcoholism and exposure to cold. What is the relation of those 
factors to Dr. Kimmelstiel’s cases? Dr. Councilman referred to the presence 
among the infiltrating cells of a type which he referred to as myeloid, not neces- 
sarily originating in the bone marrow. Were they present in these cases? I 
have recently seen a specimen in which both mononuclear and polymorpho- 
nuclear eosinophiles were present and am interested to know Dr. Kimmelstiel’s 
observation of these cells in his cases. Did he find any instance in which the 
infiltration was diffuse rather than focal? 

(Dr. Virgil H. Moon, Philadelphia.) I feel that the cases of anuria which 
were presented may fall into more than one group, so far as etiology is con- 
cerned. I am interested particularly in the last case, the individual who suffered 
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a severe burn and who died in shock. It has been our experience both in experi- 
mental and in clinical shock that there is marked hemoconcentration accom- 
panied by oliguria or anuria. Several authors have cited the observation that 
the glomeruli of the kidneys are unable to secrete urine from a markedly concen- 
trated blood. Perhaps also the blood pressure, which is low in shock, is a con- 
tributory factor. I do not believe all cases of acute anuria will be shown to be of 
one cause, and certainly a number of them are incident to the shock syndrome 
and are probably explainable on the basis just suggested. 

(Dr. Irving Graef, New York City.) Will Dr. Kimmelstiel indicate whether 
or not similar interstitial changes were found in the other organs, especially with 
reference to those cases which were complicated by infection? 

(Dr. H. Edward MacMahon, Boston.) I should like to ask Dr. Kimmelstiel 
if there was any striking increase in size of the kidneys that he has reported, 
and, as he has said nothing of the gross appearance of these kidneys, I wanted 
to ask if there was any marked change in consistence or if the capsules appeared 
unusually stretched. I have recently seen the kidneys from a patient who died 
shortly after a transfusion. Preceding death there had been a period of oliguria 
followed by complete anuria. Each of the kidneys weighed 235 gm. Each was 
greatly enlarged but retained its natural contour. Each was unusually tense, 
and on incising the capsules they stripped spontaneously, indicating a good deal 
of tension of the kidney itself. Histologically the most striking change was an 
acute inflammatory edema of the stroma (acute interstitial nephritis). In the 
pyramids, and especially near the tips, the collecting tubules were completely 
compressed by this tension in the surrounding soft tissues. There were compara- 
tively few inflammatory cells within the stroma. The tubules did show regres- 
sive changes and hemoglobin was demonstrable in some of their lumens. Such 
a finding at autopsy does suggest that surgical decapsulation might possibly 
have been of some benefit. 

(Dr. Kimmelstiel.) I do not think that I can answer the questions on the 
pathogenesis of interstitial nephritis and the mechanism of anuria. 

To come back to Dr. MacMahon’s question first, I do not believe that in- 
creased intracapsular pressure causes anuria by compression of tubules. Al- 
though many of the cases showed marked increase of weight and the parenchyma 
was very moist, not all of them showed gross evidence of edema. Secondly, the 
tubules may not be distended nor are the glomerular spaces always widened. 

As to Dr. Moon’s suggestion that some of the cases may perhaps be looked 
upon as manifestation of shock, I really thought at first that they all could be 
explained in this way, particularly because I thought that this reaction might 
possibly be — if I venture to say so — an allergic hyperergic reaction to protein- 
split products which play a part in shock. Not all the patients, however, died in 
shock. Some of them showed hemoconcentration; others did not. Some showed 
falling blood pressure, others were normal. Some showed hypertension. Al- 
though Fahr and others think that interstitial nephritis with anuric uremia is a 
disease entity, I have come to the conclusion that this is not true. 

As to Dr. Karsner’s remarks, I admit that I did not know of Dr. Councilman’s 
paper on the subject, but Lindau stated the same: he says that the foci of inter- 
stitial infiltration look like hematopoietic foci, and also used the expression 
“myeloid cells.” 

Personally I have had no experience with exposure and alcoholism. 
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EARL BALDWIN McKINLEY, President of the American As- 
sociation of Pathologists and Bacteriologists, was lost with the passen- 
gers and crew of the Hawaii Clipper. in the Pacific Ocean, July 29, 
1938. He was born September 28, 1894. He obtained his A.B. in 
1916 and his M.D. in 1924. from the University of Michigan. He was 
an officer in the front lines during the World War. Successively assist- 
ant in bacteriology and instructor in biochemistry at his alma mater. 
associate professor of pathology and professor of hygiene and bacteriol- 
ogy at Baylor University, National Research Council Fellow in Brus- 
sels. assistant and associate professor of bacteriology at Columbia 
University, New York. field director of the International Health Board 
in the Philippines. professor of bacteriology and director of the School 
of Tropical Medicine in Puerto Rico, he became professor of bacteriol- 
ogy and dean of the School of Medicine. The George Washington Uni- 
versity. Washington, D. C., in 1931 and held that post at the time of 
his death. Early in his career he came under the influence of such 
men as Novy, Bordet, Jobling and Gay, to whom he repeatedly acknowl- 
edged indebtedness for inspiration and guidance. 

Mckinley was noteworthy as investigator, organizer and adminis- 
trator. His research work covered a wide variety of subjects. but his 
especial interests were in the fields of filterable viruses and leprosy. in 
which he furnished highly significant contributions. 

In Manila, he reorganized the health laboratory of the Bureau of 
Science. At Columbia, he established a course on filterable viruses. In 
Puerto Rico, he organized the department of bacteriology and sponsored 
the establishment of the Puerto Rico Journal of Public Health and 
Tropical Medicine. In Washington, he reorganized the School of Medi- 
cine, established the Theobald Smith Lectures and formed the Washing- 
ton Academy of Medicine. He was foremost in the foundation of the 
Academy of Tropical Medicine. 

He was a member and active in many scientific societies here and 
abroad. His work as a member of the Medical Advisory Board of the 
American Leprosy Foundation and as a member of the Executive Com- 
mittee of the American Association for the Advancement of Science, 
will ever be gratefully remembered. His vision and advice were in- 
valuable in the Council of the American Association of Pathologists and 
Bacteriologists. 

The fact that he was only forty three vears old when he was lost 
testifies to the inexhaustible energy of the man. He abounded in vitality, 
constructive imagination and initiative. Fatigue seemed unknown to 
him. He was generous of soul. as reflected in his kindly opinions of men 
and affairs. His capacity for friendship was unlimited. His genial per- 
sonality, his cordial hospitality, his wide experience. his unfailing 
sympathy, his catholicity of taste and his deep interest in scientific mat- 
ters made his home a salon for visitors from all over the world. He has 
left to science and medicine a treasure-house of contributions which 
will be a permanent memorial to the man and his works. 


Howarp T. KARSNER. 
Secretary 
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